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SECTION I. 

IRON AND STEEL. 

lEOK OEES, EOLLED GIEDEES, PLATES, AND EODS. 

In the general arrangement of the Universal Exposition of 1867, iron 
and steel, as products of industry, were placed in the fortieth class of 
the fifth group. In the distribution of the work of the Commission of the 
United States, made in conformity with the directions of the Secretary 
of State, a committee was constituted on " Metallurgy and the extractive 
arts in general," and to this committee was subsequently assigned, by 
resolution of the commission, the duty of reporting on " Minerals, as raw 
materials in the economic arts." The committee consisted of Commis- 
sioners Hewitt, D'Aligny, and J. P. Lesley. To Commissioner Lesley 
was assigned the task of reporting upon " Mining machinery and pro- 
cesses of mining;" to Commissioner D'Aligny, on "Minerals, as raw 
materials in the economic arts, and on the metallurgy of the precious 
metals;" and to Commissioner Hewitt "On the production of iron and 
steel in its economic and social relations." 

In the preparation of this report, in order to bring it within reasonable 
limits, the general principle has been adopted of attempting only to 
describe specimens of material, machinery, and processes of manufac- 
ture which differ substantially from the experience of the United States; 
thus presenting, as far as practicable, a purely differential report upon 
the iron and steel of the Exposition. The necessity for this course wiU 
be apparent from the mere statement that the catalogue of class forty 
includes 2,395 entries, of which the far larger portion are produced in 
the United States of equal quality, and by processes equally economical. 
Tlie exhibition of the United States, however, was of so meagre a char- 
acter that foreigners, judging from the lessons of the Exposition, would 
have come to the inevitable conclusion that the iron and steel industry 
of the United States is not entitled to the rank which it undoubtedly 
occupies in the metallic production of the world. The various ores 
mainly used in the manufacture of iron in the United States were indeed 
to be found among the minerals exhibited from the primitive regions of 
Lake Superior, New York, and l^ew Jersey, while the brown hematites 
of Connecticut, Pennsylvania, and Alabama, together with the red fos- 
siliferous ore of Tennessee and Alabama, and a brochure published by 
Mr. Haines, agent of the State of Alabama, were sufficient to call atten- 
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tion to the unequalled resources of the United States for the foundation 
of an iron industry which, under equal conditions as to the price of labor, 
would soon be in advance of that of any other nation whatsoever, A 
single piece of spathic ore, Irom Connecticut, and a few pieces of frank- 
linite, from Kew Jersey, alone served to indicate the possession of the 
indispensable material upon which the production of Bessemer steel, as 
at present practiced, is based. A few pieces of pig iron from Lake Supe- 
rior, from Wisconsin, Ohio, and Alabama, and some inconsiderable 
specimens of wrought iron, made from the Lake Superior and the 
Alabama pig, were the sole indications of an annual production of 
more than a million tons of iron. The only proof of the existence of 
any manufacture of steel in the United States was contained in a case of 
very beautiful specimens contributed by Park Brothers & Co., of Pitts- 
burg, for which they received a silver medal. There was no evidence in 
the Exposition of our large and increasing product of bar iron, of the - 
rolled girders — ^in the manufacture of which we preceded the world — of 
the cut nails, of which we enjoy almost a monopoly, and of the infinite 
variety of wrought and cast iron, in the skilftil production of which we 
are not surpassed by the most advanced nations of Europe. On the 
other hand, there was a marked superiority in the products of the Euro- 
pean makers designed for uses requiring difficult shapes — a requirement 
met in our country either by welding or riveting pieces together, and 
which in Europe, at the present time, seems to be almost universally 
supplied by material of such admirable quality as to admit of being forged 
or pressed into the most intricate and unusual forms. Such articles as 
deeply-dished boiler heads, steam domes, tube sheets, and even culinary 
vessels of every form and variety, and many other articles of fancy, 
designed merely as tours de force^ such as cocked hats, and series of 
square domes raised from a flat plate, were exhibited, made from a single 
piece without weld or joint. Nor was this e^ddence of peculiar excel- 
lence confined to any one country. In France, the works at Le Creusot, 
Chatillon, and Commentry, and those of Messrs. Petin, Gaudet & Co. ; 
in England, the Bowling and Low Moor Works, and those of the Earl 
of Dudley; in Prussia, the works of A. Borsig, near Berlin, and of 
Hoerde ; and, in Austria, the imperial works at Keuberg, may be enu- 
merated, among others, as having exhibited material of such remarkable 
quality as to open an entirely new field for the application of iron and 
steel. 

Again, there was unmistakable evidence in the Exposition of the 
readiness of the European ironmasters to grapple with difficulties in the 
way of rolling shapes, from which at present the American maker would 
shrink. For example, Messrs. Petin, Gaudet & Co. (France) exhibited a 
rolled beam of the depth of 1 metre, (39| inches,) in length 9.72 metres, 
(over 32 feet,) and weighing 2^ tons. They also exhibited another beam 
weighing 2.3 tons, 12 inches in height, and over 106 feet in length. The 
works of Chattilon and Commentry exhibited a beam 43J inches in height. 
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and with a 12-mch flange, but of very moderate length ; but another 
beam was exhibited, about 100 feet in length, 9 inches high, weighing about 
fifteen hundredweight. The Burbach (Prussian) works exhibited a rolled 
beam 47 feet long and 15 inches in height. A careful observation, how- 
ever, of the various structures in process of erection on the Continent, failed 
to show that these remarkable specimens of rolling had yet been brought 
within such limits of cost as to admit of their use in building. In the Expo- 
sition building itself, no rolled beams were to be found of a greater depth 
than 9 inches, and in the innumerable buildings which are being erected 
in Paris, and in which iron beams are invariably employed to the exclu- 
sion of wood, 4 inches, 6 inches, and 7 inches are the dimensions most 
generally employed. Thus far the construction of a fire-proof building 
in the United States is accomplished with less pounds of iron for a given 
strain per square foot than in France, and we have nothing to learn from 
' the Exposition in this respect. But now that it has been found possible 
to produce beams of such large dimensions by the simple process of roll- 
ing, it is but reasonable to expect that the cost will be reduced as expe- 
rience is gained, and that they will gradually replace the riveted girders, 
which even in the palace of the Louvre are invariably employed for 
spans of any considerable extent. It is proper, however, to call the 
attention of our American makers of rolled beams to the extraordinary 
specimens which we have described, and which it is understood are pro- 
duced by the aid of the " universal rolling mill.'' Of this two forms were 
on exhibition, one in the pavilion of Chatillon (France) and the other in 
the Austrian department. The latter consists of four rolls, in two pairs, 
working at right angles to each other, a description of which, illustrated 
by engravings, can be found in Colbum's Journal (Engineering) for May 
24, 1867. Of the mill at Petin, Gaudet & Co.'s no model was exhibited, 
and no descrii)tion of it was given in the documents furnished to the 
commission. 

By a personal visit to the works, however, the construction of the mill 
was seen to be very simple, and not remarkable for novelty. For each 
size of beam there is a pair of rolls, each having a working face at the 
middle of its length equal in width to the depth of the beam. The diam- 
eter of the roll at this part is very large, say 3 feet 6 inches, the body of 
the roll for the rest of its length being about 22 inches diameter. This 
formation of the rolls leaves a considerable space between the two, except 
where the working faces come together. In this open space is placed a 
pair of rollers, working on vertical axes fixed in stout movable frames, 
by which they can be brought into juxtaposition with that portion of the 
horizontal roUs which is of largest diameter. The pile used is somewhat 
thinner than the width of the flange to be produced, and of a width 
somewhat greater than the depth of the beam, and is so made up as to 
conform roughly to the final shape of the girder. As the main rolls are 
brought together, and form the trough in the beam, the friction rollers 
at the sides are also pressed towards the centre, and tend, by the pres- 
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sure which they exert, to extend the flanges at the same time that the 
web is being drawn out by the main rolls. An offset is turned in the 
side of the large portion of the rolls to receive and form properly the 
flange as it is extended by the pressure of the friction rolls. The latter 
are worked each by a screw in a horizontal frame bolted to the side of 
the housing, the screw being provided with a ratchet lever, to be worked 
by hand. This enables the thickness of the flanges to be adjusted with 
precision. With this mill they have rolled girders of 40 inches height, 
33 feet long, and feel confident that they could make them 90 feet in 
length. The essential features of this mill were all to be found in the 
first train for rolling beams, erected in 1853 at the Trenton Works, Kew 
Jersey, but in that case the axes of the driven rolls and of the friction 
rolls were at right angles to the mill of Petin, Gaudet & Co., which is 
probably a better working arrangement than the old train at Trenton. 
The Universal mill is not yet introduced into England, but forms the 
subject of an English patent now expired, and is undoubtedly destined 
to fill a very important place in the rolling of iron, and the American 
ironmaster cannot too soon avail of its advantages before impediments 

shall be put in its way by the issue of American patents. 

« 

Next to rolled girders, or perhaps even more remarkable than these, 
were the specimens of plate iron contributed from England, France, Ger- 
many, and Belgium. John Brown & Co., of Sheffield, exhibited a plate 
which, after being dressed up to square edges and ends, was 30 feet in 
length, 2 feet 6 inches in width, and 6 inches thick, weighing 11 tons 5 
hundred- weight ; and also a piece of a plate which in its original condi- 
tion was 13 feet long, 6 feet wide, 13^ inches thick, and weighed 20 tons. 

For the production of these enormous masses of iron the machinery is 
of the ordinary kind in construction, but of dimensions proportionate to 
the mass of iron to be handled. The size of the rolls is 3 feet, and the 
handling of the iron is accomplished with facility by the aid of steam 
cranes and of iron chains winding upon the rolls themselves, which are 
reversible by a clutch gearing, and make about 20 revolutions per minute. 

Other plates of six inches in thickness and of various weights up to 
five tons were exhibited by the works of Chatillon and of Messrs. Petin, 
Gaudet & Co., (France,) and of Hoerde, (Prussia.) 

Generally there may be said to exist a prevailing willingness and prac- 
tice in the European works to handle iron in larger masses for every* 
purpose than we do in the United States. For example, Belgium exhib- 
ited btod iron three-fourths inches wide by 230 feet in leng*th ; Prussia 
exhibited sheet iron of 21J gauge, 48 by 108 inches, and wire rods are 
frequently to be found in all the departments ranging from 30 to 50 
pounds in weight, rolled in trains of the ordinary dimensions, and run- 
ning at speeds no greater than we employ in the United States, for 15 
pound billets. This is accomplished by keeping the billet in many more 
grooves at the same time than we are in the habit of doing, by an inge- 
nious system of doubling the rods backwards and forwards. This same 
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metliod is employed at Montataire, in France, and at other works for 
rolling braziers' rods, and even bar iron ; and this not from the necessi- 
ties of the order, but from choice, as a matter of economy. In this way 
one-inch bars of 100 feet in length are regularly produced, and this sys- 
tem, unknown in the United States, can doubtless be introduced with 
great advantage. 

But the most remarkable specimen of roUing was in the English depart- 
ment, exhibited by Eichard Johnson & Kephew, of Manchester, in the 
shape of a coil of Ko. 3 wire rods, weighing 281 pounds, in length 530 
yards, rolled from a single billet. Also a coil of Ko. 8 wire weighing 200 
pounds, 900 yards in length, and a coil of No. 11 wire weighing 95 pounds, 
in length 790 yards. These wonderful specimens of wire were not, how- 
ever, produced in an ordinary mill, but were rolled in a machine invented 
by George Bedson, the manager of the Bradford iron works, in Man- 
chester. This machine consists of rolls in thirteen pairs, placed one 
behind the other, instead of side by side, as usual, with guides connect- 
ing the successive pairs of roUs, and revolving at such relative rates of 
speed, that the billet being rolled receives the compressing action of the 
rolls all at the same time. The billet is fed from a long heating furnace 
at one end of the train of rolls, being charged at the end of the fiimace 
fiirthest from the train. A Siemens' generator is used to supply the fur- 
nace with gas, so as to insure a uniform heat. The average product of 
the train is 11 tons per day, and the weight of the billets usually rolled 
is from 80 to 100 pounds. A comparison of the work for six months, 
with two old-fashioned trains also running in the same works, shows that 
the waste is reduced from lO^per cent, to 6^ per cent., and that the 
consumption of coal is reduced from 14 hundred- weight, three quarters, 
25 pounds, to 8 hundred weight, and 18 pounds per ton, most of which 
saving is doubtless due to the use of Siemens' furnace, and not to the 
train ; the advantages of the latter consisting in an increase of product 
of nearly one-half in the increased weight of the billets rolled, and in the 
economy of the labor employed. A personal visit was made to the Brad- 
ford iron works, to see the operation of this ingenious and successful 
machine. It appears to be all that could be desired, and the action of 
the rolls upon the iron unquestionably produces a sounder and better rod 
ithan when worked by the old process, and this is due doubtless to the 
higher and more uniform heat at which the rod is finished. ^ 

In the use of wire for telegraphic purposes, for wire suspension bridges, 
and for cables and ropes, the superior value of long lengths is undeni- 
able. Bedson's machine has therefore the double merit of producing a 
better article, at a lower cost, than has hitherto been obtained 5 and it is 
a matter of regret to those who have become familiar with its novelty 
and its merits, that it received only the recognition of a silver medal, 
when it so justly deserved the highest prize. 



^ The same priaciple Las been since successfnlly applied to the roUiDg of bar iron. 



6 PARIS UNIVERSAL EXPOSITION. 

Borsig, of Berlin, exhibited remarkable specimens of gigantic puddle 
balls, a single one weighing 1,064 kilograms, (more than a ton,) and he 
also exhibited a wrought-iron piston without a weld, weighing 590 kilo- 
grams, (nearly 12 hundred-weight.) These are not mere tours de force^ 
as he is prepared to take orders at a price which renders it economical 
to employ his product. 

In connection with the large masses of iron with which, as demonstrated 
in the Exposition, modem industry so much occupies itself, it is proper 
to refer to the crank shafts exhibited by Messrs. Marrel fr^res, of Gier, 
(France.) Of these one has three cranks placed 120^ apart, and has a 
length of nearly 40 feet, the weight being 30,180 kilograms, or about 30 
tons. Another is a four throw crank, say 27 feet in length and 12 inches 
in diameter. 

Among the new applications of iron exliibited in the Exposition are the 
weldless bands made at the Bowling and Low Moor works,^ (England,) 
employed for uniting the cylindrical sections of steam boilers, covering 
the joints and strongly riveted on each side thereof, so not merely as to 
make a firm union, but greatly to stiffen the boiler when finished. The 
Bowling ring has a cross section like the letter U, with wide flanges, and 
seems better adapted to stiffen the boiler or flue, and to allow of expan- 
sion and contraction, than the flat ring made by the Low Moor works. 

The one on exhibition is seven inches in total width, three-eighths thick, 
the arch in the middle rises two inches, and the width of the flanges is 
two and one-half inches. These bands would appear to be thoroughly^ 
well adapted to their purpose, and worthy of immediate adoption in our 
country. 

CAST STEEL. 

In cast steel, by whatsoever process produced, the same tending to 
large masses and difficult shapes was to be remarked. In advance of all 
other makers, the specimens exhibited by Krupp, of Essen, (Prussia,) 
were worthy of the highest admiration. The largest single piece of cast 
stell was a cylindrical ingot forged at one end into an octagonal shape, 
66 inches in diameter, and weighing 40 tons. The grain of this ingot 
was exposed by the fracture of the forged end, and was uncommonly 
uniform and free from air bubbles. A piece had also been cut from the 
portion not forged, which showed at the place of fracture an equally uni- 
form grain. 

At the English exhibition of 1851, a cast steel ingot exhibited by Krupp, 
weighing two and a quarter tons, caused more astonishment than the 
ingot we have just described, because the world has since become familiar 
with metallic masses of enormous size, but the progress made in sixteen 
years in the production of cast steel is none the less marvellous, especially 
if considered in connection with the machinery necessary to produce and 

^ For a description of the process of making iron at Low Moor, Bowling, and Farnlej, the 
reader is referred to ** Percy's Metallurgy of Iron and Steel," page 732. 
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work the ponderous ingots into shape, and the organization of the labor 
and skill required for their formation. 

The establishment of Krupp occupies about 450 acres, of which one- 
fourth are under roof. The number of men employed in the works is 
8,000, besides which 2,000 more are employed in the coal mines, at the 
blast furnaces, and at the ore mines. The production of these works in 
1866 was 61,000 tons, more than the entire production of cast steel in the 
world at the time of the first English exhibition. The value of this pro- 
duct was over $10,000,000 in currency. It was accomplished by means 
of 412 smelting, reverberatory, and qementing furnaces, 195 steam engines, 
ranging from 2 to 1,000 horse-power, 49 steam hammers, in the largest of 
which the hammer block weighs 50 tons,^ 110 smiths' forges, 318 lathes, 
111 planing machines, 61 cutting and shaping machines, 75 grinding 
machines, 26 special tools. 1,000 tons of coal are consumed daily in the 
manufacture of steel alone, and 120 steam boilers are in use evaporating 
150,000 cubic feet of water daily. Fifteen miles of rail are laid in the 
works alone, and 6 locomotives and 150 cars are required for its use 
within the limits of the establishment. 

In order to appreciate the eminent justice with which the grand prize 
of the Exposition was bestowed upon Frederick Krupp, it is not merely 
necessary to study these marvellous figures, but to consider that this estab- 
lishment, by far the most extensive ever produced by the energy of man, 
and these processes, the most difficult ever attempted by his ingenuity, 
are the offspring of a single life, begun almost by the side of his father's 
humble forge, and rising through the various stages of poverty, trial, dis- 
couragement, and final success, to the very front of the industrial achieve- 
ments of the world. Such an establishment, such results, and such a 
man, have special interest for the United States, where the natural 
resources of the country, the rapid progress of population and civilization, 
and the genius of our free institutions, all invite a generous emulation in 
order to equal, and in course of time even to surpass these magnificent 
achievements, which, if Krupp, the great captain of modem industry, 
had not lived in our day and generation, might well have been deemed 
impossible. 

Among the other remarkable specimens exhibited by Krupp is a cast 
steel tire, rolled mthout weld, eight feet in diameter, a cast steel axle of 
crucible steel, with cast steel disk wheels, neither forged nor rolled, but 
cast directly into shape, weighing 1,623 pounds; a cast steel locomotive 
crank axle, with cast steel wheels six feet in diameter, weighing 3 tons 
13 hundred weight; a cast steel junction ring of angular section, for 
uniting the courses of steam boilers, made without weld, eight feet in 
diameter, weighing 483 pounds; a cast steel double crank shaft for a screw 
steamer, 25 feet long, 14 inches in diameter, weighing (finished) 9 J tons; 
forged under the 50-ton hammer from an ingot originally weighing 27 tons. 
Aud this is a proper place to note that cast steel crank shafts appear to 

^ Krupp is now erecting a hammer of 120 tons. 
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be coining into general use, not merely for locomotive and stationary 
engines, but for the massive marine engines which are required for the 
steamers devoted to the business of transatlantic navigation. The experi- 
ence with these cast steel crank shafts for marine engines does not appear 
to be sufficiently extensive to warrant any positive opinion as to the com- 
parative value of cast steel and iron for the purpose, and it is possible 
that in cases where great resistance to torsion is required, iron will 
maintain its place. In any event the attention of engineers has been so 
called to this subject by the Exposition, that we may expect soon to have 
all doubts on this important subject removed. 

The most striking object, however, in Krupp's exhibition, was the cast- 
steel 1000-pounder rifled breech-loading gun, resting on a cast-steel car- 
riage intended for the arming of coast batteries for the destruction of 
iron-plated ships. It consists of an inner tube, upon which are shrunk 
cast-steel rings. This tube was forged under the 50-ton hammer, from 
an ingot weighing 40J tons, but reduced in the process of manufacture 
to 20 tons by the loss of the sinking head, and by forging, turning, and 
boring. The cast-steel rings are three in number at the powder cham- 
ber, and two in number towards the muzzle portion of the gun. • These 
rings weigh 30 tons in the aggregate, and were each manufactured from 
an ingot without welding. The total weight of the gun is 50 tons, the 
diameter of the bore is 14 inches, and the total length of the gun is 210 
inches. In has 40 rifle grooves, in depth .15 inch, and the twist of the 
rifling diminishes from one turn in 980 inches to one turn in 1,014.4 
inches 5 the weight of the solid shot is 1,212 pounds, and of the shell 
1,080 pounds, and the weight of the latter is made up of the cast-steel 
shell, 834 pounds, the lead jacket, 220 pounds, and the bursting charge, 
17 pounds; the charge of powder for the gun is from 110 to 130 pounds. 
The cannon reposes upon a steel carriage weighing 15 tons, and the two 
together work upon a turn-table weighing 25 tons. The turn-table was 
not exhibited for want of space, but it was stated that the gun-carriage 
slides smoothly upon the turn-table to the cheeks at the backstays at 
each discharge of the gun, and that two men can quickly and easily ele- 
vate, depress, and turn the gun so as to follow and cover with speed and 
certainty any vessel in motion. The price of the gun, which is under- 
stood to have been made for the Eussian government, is £15,750 sterling, 
and of the carriage and turn-table £6,000, being about $150,000 in cur- 
rency. Sixteen months of unremitted labor, by day and night, were 
expended upon its manufacture, and its transportation from the works 
to the Exposition required a car made entirely of steel and iron, weigh- 
ing 24 tons, resting on 12 wheels. 

It forms no part of the purpose of this report to institute a comparison 
between different systems of ordnance, or even to undertake to decide 
the relative value of cast and wrought iron and steel for the manufac- 
ture of guns, but it has been deemed best to give a somewhat elaborate 
description of this monster engine of war, in order to indicate the possi- 
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bilities of construction in its most difficult and expensive form, in case 
experience should show that such weapons will hereafter be required in 
our own country. In this connection a comparison with the largest guns 
produced in England will be of interest. Sir William Armstrong exhibits 
a 12^ton 9-inch muzzle-loading rifled gun, constructed on the coil prin- 
ciple, and mounted on a wrought-iron carriage and slide ; the weight of 
the projectile is 250 pounds, and the charge of powder 43 pounds. This 
gun is beautifully made, and is noteworthy from the fact that the com- 
pression for checking the recoil is wholly of iron, and is thrown in and 
out of action by a lever-handle, which is self-acting if neglected. The 
gun is designed for use on shipboard. The largest Whitworth gun 
exhibited is a 150-pounder, and is constructed exclusively of mild steel, 
wrought into tubes, which are forced into each other by hydraulic pres- 
sure. But to us the most interesting gun is the 9-inch Paliser gun, 
made by casting an exterior coating of iron around an interior barrel of 
wrought iron, constructed on the coil principle. This gun carries a pro- 
jectile of 250 pounds, and if in practice it should be found to have sub- 
stantial advantages over our cast-iron guns, it suggests a method by 
which we may apply the principle to the reconstruction of the large 
number of cast-iron guns which have been accumulated during the last 
. few years. The gun now manufactured by the British war department, at 
Woolwich, consists of a cast-steel tube, upon which rings of fibrous 
wrought iron, made upon the coil principle, are built up, and the speci- 
men exhibited was a 12-inch muzzle-loader, weighing 470 hundred- weight, 
length of bore 145 inches, having 9 grooves, each IJ inch wide and .2 
inch in depth, the spiral increasing from one turn in 1,200 to one turn in 
600. The weight of the charge of powder is 70 pounds, and of the pro- 
jectile 600 pounds. 

The only other gun requiring notice was a cast-steel gun, made by 
Petin, Gaudet & Co., weighing sixteen tons, and intended to throw a 
projectile of 300 pounds in weight; but it was quite evident that the 
manufacture of steel and wrought-iron guns in France is still in its 
infancy, and there would seem to be the same uncertainty in regard to 
their value as prevails in the United States. But there would seem to 
be no doubt that within certain limits of size, and perhaps for all sizes 
of field-pieces, cast steel is regarded as the best material, and Knipj) has 
already produced more than 3,500 cast-steel guns, mostly rifled breech- 
loaders, and at the present time has orders in hand for immediate 
dehvery of 2,200 guns, ranging from 4-pounders to 300-pounders. Not 
much accurate information is to be procured in regard to the endurance 
of the larger sized guns, but Krupp exhibited a cast-steel rifled 4-pounder 
breech-loading gun, belonging to the Prussian war department, which 
had been fired several hundred times, with gradually increasing charges 
up to three and three-quarters pounds of powder and 122 pounds of 
shot, without the slightest appearance of injury. 
Although no evidence was afforded by the Exposition of the substitu- 



10 PARIS UNIVERSAL EXPOSITION. 

tion of cast-steel for cast-iron shot in the French service, my visits to the 
French iron works seemed to show conclusively that such is the case, as 
aU the large establishments were actively engaged in the manufacture 
of cast-steel missiles of all sizes, but more especially of the larger cali- 
bre; and whatever the fact may be, it is quite evident that cast steel is 
regarded by French military engineers as superior to all other materials 
where penetration is required. 

Krupp also exhibited a cast-steel rail 50 feet in length, and bent 
double, cold, in the middle, without fracture. His engineer in the Expo- 
sition stated that their annual product of rails was about 30,000 tons, 
and that no Bessemer steel was employed in their construction. In the 
absence of a personal visit to the works, we are bound to accept this 
statement as true, although it is stated on good authority that as many 
as nine pairs of converters are constantly employed at the works in the 
production of Bessemer steel, and there seems to be an impression that 
the tires latterly produced at Essen are not quite equal in quality to the 
remarkable material which was at first employed for this purpose. This 
may be only the result of rival representations, and it is undeniable that 
up to the present time Krupp. maintains his pre-eminence in the manu- 
fiacture of locomotive tires, and is probably justified in the claim which 
he makes, that his crucible cast-steel coils are superior to those made 
from Bessemer metal. In the year 1865 the sale of cast-steel tires 
amounted to 11,396 sets, and the guarantee of their endurance given by 
Krupp is that they will run 400 kilometres for each kilogram of weight, 
(equivalent to 125 miles per pound;) that is to say, a tire weighing 600 
pounds is guaranteed to run 75,000 miles, but their actual performance 
as a general rule shows a much higher endurance. The results with 
these tires and those of other makers — such as Kaylor, Yickers & Co., 
Firth & Sons, the Bochum Company, Petin, Gaudet & Co., the Bowling 
Company, and the Monk Bridge Company, and other respectable makers, 
would seem to justify the broad statement that the day for iron locomo- 
tive tires has passed by, and that it is far more economical, if not more 
safe, to substitute cast-steel tires in every case. 

The same conclusion cannot yet be affirmed of rails, because the inter- 
est account, of but little consequence in the case of the tire, becomes a 
very serious and indeed controlling element in the case of rails. It 
may be stated, however, that in aU cases where iron rails wear out in 
consequence of hard service within the limits of duration assigned to a 
steel tire, it is quite as economical to use steel rails in lieu of iron ones 
as it is to use steel in lieu of iron tires. But, assuming the cost of cast- 
steel rails to be double that of good iron rails, it is quite evident that 
there must be a limit in the duration of iron rails beyond which it will 
not pay to substitute cast steel. This calculation is one which must be 
made by each consumer for himself, with reference to the available capi- 
tal at his disposal; but it is safe to declare that on all roads where the 
iron rail has an average life of ten years it would not be profitable to 
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substitute cast-steel rails, aud so long as the average rate of interest paid 
by railroad companies in the United States amounts to eight per cent, 
per annum it would be found expedient considerably to reduce the limit 
of ten years above assumed for the duration of iron rails before the sub- 
stitution of steel rails could be justified on grounds of economy. Even 
in England, where capital is superabundant and the rate of interest on 
long obligations not over five per cent., and the traffic per mile of very 
large dimensions, requiring, as a general rule, the renewal of iron rails 
in seven years, cast-steel rails have thus far not been very extensively 
introduced; and even on the London and Northwestern railway, which 
owns a mill devoted expressly to their manufacture from Bessemer steel, 
and which, from its enormous traffic, has every inducement to make its 
road as permanent as possible, the money question seems to check the 
use of cast-steel rails upon any very extended scale. And yet the neces- 
sity of more durable rails than those generally in use is so apparent that 
any attempt to secure greater durability without much additional cost is 
regarded with great interest, and hence in the Exposition there were many 
specimens, and from all the leading nations, of iron rails with steel heads. 
In some cases the material employed for the head was puddled steel, in 
others cast steel, and in others Bessemer steel. It seemed to be gener- 
ally admitted that the durability of the steel in the head was in nowise 
impaired by its being placed upon a cushion or bed of wrought iron, but 
the great difficulty appeared to be in securing a thorough union or weld 
between the two kinds of metal. In the Austrian department, where 
some admirable specimens of steel-headed rails were exhibited, from the 
Neuburg Works, the engineer in charge stated that nine per cent, of the 
heads failed in the weld during the first year, but that subsequently no 
Mures occurred, and that even with this amount of loss the rails were 
regarded as cheaper than either steel or iron. At Crewe, where the works 
of the London and Northwestern Company are situated, and where a 
considerable quantity of Bessemer steel-headed rails have been made, it 
was stated that some difficulty had been foimd at first in making a relia- 
ble weld of the steel to the wrought iron, and that as many as five per 
cent, of the rails first made had failed in consequence of the loosening of 
the steel top; but as experience was acquired in the maiuifacture this 
difficulty had disappeared, and the percentage of loss had been reduced 
materially. The practice at Crewe is to place a bar of soft puddled iron 
between the steel of the top and the old rails used in the lower part of the 
rail, and as a further protection the steel for the head is rolled in the form 
of a channel bar, with ribs in the recessed portion so as to fold around 
and embrace, as it were, the head of the rail. Considerable experience 
has already been acquired in the United States as to the feasibility of 
making a sufficiently good junction between the iron and steel for a durable 
rail, and it may be confidently affirmed that there is no practical difficulty 
in the way of making an iron rail with a steel head, whether of puddled, 
Bessemer or cast metal, that will meet all the reasonable reqmrements 
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of the case, and reduce the failures to less than one per cent. The cost 
of steel-headed rails is, of course, intermediate between that of all iron 
and that of all steel rails, and the system possesses the great advantage 
of rendering all the old rails available for re-manufacture, and of thus 
renewing the tracks with a bearing surface of steel by gradual steps, and 
with a very moderate increase of cost. On the London and Northwest- 
em railway, which has had the most experience in the use of Bessemer 
and steel-headed rails, experience seems to show that the steel-headed 
rails possess all the requirements in point of cost and durability for their 
general introduction on the line, and the conclusion is irresistible in my 
own mind, after a careful study of the specimens in the Exposition, that 
the steel-headed rail will ultimately prevail over all other kinds of rails 
now known, and that in the United States the facilities for their manu- 
facture are unusually favorable. It is a question in what manner the 
steel shall be made for the heads, and this point will be discussed when 
we come to speak of processes, and it is enough to state here that a good 
steel head can be made from any one of the kinds of steel above specified. ^ 

In closing this brief statement of the remarkable specimens of cast 
steel in the Exposition, the products of the Bochum Company (Prussia) 
should not be overlooked. An enormous cast-steel bell, weighing 29,500 
pounds, remarkable for the admirable proportion which existed between 
its size and its tone, was not, however, more wonderful than the cast- 
steel railway wheels made in sets often or a dozen, united by a thin shaft 
of metal running through the centres, thus enabling one sinking head to 
answer for the whole quantity, and securing greater density and sound- 
ness in the metal. These wheels, when cut apart and turned up, were 
beautiftdly sound and- clean, and gave evidence of ability to cast steel 
with as much facility as ordinary cast iron. Another evidence of this 
was to be found in a locomotive cylinder, bored and of such finish and 
soundness as not merely to excite general admiration, but induced the 
belief that possibly it was cast iron which had been deprived of its carbon 
by being annealed in a bath of oxide of iron, or some other decarbonizing 
material. 

In the Swiss department, machine-cut steel files were exhibited fully 
equal to any cut by hand; and this result is said to be due to the grind- 
ing of the blanks across the face instead of lengthwise, a point which may 
have great value to our own makers of files. 

QUALITY OF MATEEIAL. 

A careful observer of the iron and steel specimens in the Exposition 
could not fail to be struck with the varieties in the quality of the metal 
exhibited and the evident attention paid to the adaptation of special 

* In view of the great interest which this countrj has in securing good rails, I have 
obtained permission to insert in an appendix (F) a very valuable paper, recently read before 
the British Association of Civil Engineers, by C. P. Sandberg, esq., inspector of railway 
material for the Swedish government. 
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qualities to special uses. In some establishments only a particular quality 
would be produced, but, as a general rule, aU the large works exhibited, 
and seemed prepared to produce, a quality proportioned to the price to 
be paid. 

In the pavillion of Le Creusot, for example, seven different qualities 
of merchant iron were displayed as examples of the uses to which each 
quality would be applied, and a personal visit to the works satisfied me 
that there was nothing fanciful in these grades. In the Welsh iron works 
it is notorious that the quality of the article produced is directly propor- 
tioned to the price paid for it, and in my visits to those gigantic estab- 
lishments which have grown up in the moui;^tains of South Wales, it was 
humiliating to find that the vilest trash which could be dignified by the 
name of iron went universally by the name of the American rail. 

This is no fault of the Welsh iron-master, but has arisen from the almost 
universal practice of late years, on the part of American railroad com- 
panies and contractors, of purchasing the lowest-priced article that could 
be produced. Of course no iron of this quality was to be found in the 
exposition ; but if prizes were to be given for mere human ingenuity, I 
cannot conceive of anything more entitled to it than the production of a 
well-finished rail from puddled balls, that will not hold together under 
the alligator squeezer. 

There is, however, one thing more remarkable even than this low 
quality of iron ; and that is, the stupidity and reckless extravagance ot 
the customers who are found to buy it. To this cause, more than any 
other, is due the necessity of almost annual renewals of rails in the United 
States, and of the financial troubles of so many of our leading lines of 
railway ; nor is there the slightest excuse for this result, for the Welsh 
iron-masters, to their credit be it said, make no" concealment either of 
the inferiority of the material, or the poverty of the process by which 
it is treated, and greatly prefer to turn out work creditable to them- 
selves, and profitable to their customers. But the inexorable law of 
competition, and the unremitted cry for cheap iron in America, have left 
them no choice. 

For their own country, for the continent of Europe, and for India, no 
such system is practiced. As a general rule, all rails made for home 
consumption are guaranteed for from five to seven years, according to 
the traffic ; that is to say, every rail that fails in the slightest degree 
within the time specified is renewed at the expense of the maker. The 
extra price paid for a guaranteed rail on roads of moderate traffic is 
about 30 per cent., but on roads having d heavy traffic at least 50 per 
cent, additional is paid. In cases where the guarantee cannot be pro- 
cured in consequence of the heavy usage to which the line, or any por- 
tion of it, is subjected, the conclusion is inevitable that a steel rail should 
•be used. And until a similar system of guarantee and adequate pay- 
ment therefor is introduced into the United States, shareholders in rail- 
way companies can place no reliance on the security of their investment 
and the permanency of dividends. 
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It is this difference in the quality of iron, and its corresponding money 
value, which enables particular works and special regions to thrive under 
local disadvantages as to cost. To some extent the same rule applies in 
the United States, but it may be affirmed that there is no civilized country 
in which the discrimination is made to so small an extent, and which 
loses so much by its indifference. 

A very remarkable proof of the adoption of particular quantities to par- 
ticular purposes is to be found in Sweden, which possesses inexhaustible 
stores of primitive ores, many of them adapted to the manufacture of 
steel and the very highest grades of bar iron, and yet, for some purposes, 
ores which contain phosphorus are absolutely preferred to the purer ores, 
even through procurable at the same price. For tools, such as spades, 
shovels, hoes, and other utensils, and for roofing-sheets, which are to be 
subjected to severe wear, at least one-tenth of one per cent, of phosphorus 
in the iron is considered desirable. 

Again, in France, in order to produce the better grades of iron, ores 
are brought in large quantities from Elba and Algiers, at a high cost, 
which is reimbursed by the purchaser. 

If there was any lesson clearly taught in the Exposition, it was the 
willingness of the public to pay an adequate price for skill and quality, 
and this willingness must spring from an enlightened self-interest. 

There is no difficulty whatever in producing in the United States any 
quality of iron and steel that may be desired, for we have an exhaustless 
profusion of the best kind of ore and coal, and, at the present day, so 
open to communication as to render them available with as little expen- 
diture of human labor as in the most favored countries of Europe, But 
the problem presented for solution to the American iron-master has not - 
merely been to procure this labor at as low a cost as it is obtained in , 
Europe, (a requirement utterly impossible to be met,) but to produce th# . 
highest grade of material in competition with the price of the poorest ^ 
foreign article. For the difference in the price of labor a remedy may ,, 
be found in the tariff, but for the other exaction there is no remedy but 5- 
greater intelligence on the part of the consumers, and in all cases where 
life or limb is at risk, the enforcement of the law as to the responsibility 
for the use of inferior material. 
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PEOCESSES OF MAKUFACTUEE. ^^ 

it 

Having completed a brief survey of the articles in the Exposition sg 
which to the eye of an American would appear remarkable, we come ^ 
next to the consideration of the processes employed in the manufacture 
of iron and steel which have not yet been introduced, to any considera- 
ble extent, in the United States. And first, in the natural order, comes 
the production of wrought iron and steel by a direct process from the ore. 
To some extent this branch of industry still continues in the United* ^ 
States, especially in the northern part of the States of Kew York and ^ 
New Jersey, where the process employed is usually but incorrectly ^ 
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known as the Catalan method of making wrought iron. But in Europe 
this mode of making iron may be said to have died out, although in 
the mountains of Spain, and some portions of Italy, a few fires still 
maintain a feeble existence. The practial mind of Europe and America, 
however, has never ceased its efforts to produce wrought iron and steel 
directly from the ore, by some convenient and economical process, and 
perhaps at no time has this subject received more attention than at the 
present. Of this interest, .however, the Exposition afforded but a single 
example, but that example in a quarter so distinguished both for scien- 
tific and mechanical knowledge, and for success so eminent in another 
dkection as to have merited the grand prize of the Exposition, that it 
seems reasonable to expect the solution of this difficult problem, if it be 
at all possible, at the hands of Charles William Siemens, whose regen- 
erating furnace will be the subject of subsequent consideration. In the 
exhibition of Mr. Siemens were some small specimens of cast steel, 
which had been made direct from the ore, but which would scarcely have 
been remarked but for the eminence of the maker. They were made in 
conformity to a patent issued to Mr. Siemens on the 20th September, 
1866, in which he states that his invention h^s for its object the produc- 
tion of iron or steel directly from the ore, and in a continuous manner, 
analogous in this respect to the continuous action of the blast furnace ; 
and consists in exposing a mass of ore, which may or may not be mixed 
with reducing agents or fluxes, upon an inclined surface, to the surface 
action of intense heat, and in introducing at the same time a current or 
currents of combustible gases or petroleum oil in among the mass from 
below the inclined surface, so as to percolate through the mass of ore, 
affecting or aiding in its reduction, and at the same time enveloping its 
snrfitce where exposed to the flame in a deoxidizing or reducing atmo- 
sphere, tending to facilitate its fusion. The fused metal and cinders ac- 
cmnulating at the foot of the inclined surface are from time to time re- 
moved, while a mass of ore is maintained upon the inclined plane by its 
own gravitation, fresh ore being supplied from hoppers at the top of the 
incline in regular quantities. The intense heat spoken of in this de- 
scription as necessary for the process is produced by Siemens' regenera- 
tive gas furnaces. Mr. Siemens has been conducting experiments upon 
the red hematite ores at Barrow in Furness, with a view to demonstrate 
the practicability and economy of this process, but it is yet premature 
to estimate the measure of his success. If, however, he should succeed 
in practice, with the magnetic ores of the Atlantic highland range 
stretching from New York to Georgia, and the primitive peroxides ex- 
tending from the great lakes through Missouri and Arkansas, with the 
command of the fuel and the petroleum indispensable for its success, 
this process will be of incalculable value to the United States. 

In the preparation of ore for the blast furnace, Sweden exhibits the 
model of a roasting furnace invented by Mr. E, Westman, and which was 
adopted in the first place at Dannemora works, and since generally intro- 
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duced at the other iron works in Sweden. It consists of a vertical furnace 
which is heated by a portion of the gas drawn from the blast fttmaceg 
themselves, and introduced at the bottom of the roasting furnace through 
suitable flues by the aid of natural draught. The temperature in the 
furnace is carried to such a degree as to soften the ore, and drive off the 
sulphuric acid arising from the oxidation of a portion of the sulphur, dis- 
engaged by a distillation of a lower temperature from the pyrites, which 
may be mixed with the ore; a portion, moreover, of the sulphur is oxid- 
ized by the oxygen of the ore. Ore thus roasted, however dense when 
charged into the roasting furnace, is discharged at the bottom quite 
porous, like a sponge, and almost entirely free from sulphur, if it do not 
contain more than four per cent, in its natural state. With ore so roasted, 
and which presents an entirely different appearance from ore prepared 
in a common kiln, the statement is not surprising that the blast furnace 
runs with far greater regularity and with much less consumption of fuel. 
The introduction of this roasting fiimace will be of great value when mag- 
netic ores are smelted with charcoal. It is highly probable that even in 
furnaces fed by mineral coal, it will bring into economic use a great variety 
of ore now rejected on account of sulphur. So important did this furnace 
appear, that the undersigned at once engaged a Swedish engineer to pro- 
ceed to America, where he is now erecting a fiimace at Eingwood, in 
New Jersey, so that at an early date it may be examined by the public. 
Besides economizing coal, the Westman furnace, in connection with 
other improvements resulting from a more accurate knowledge of the 
theory of the blast furnace, and a careful study of its operation, has 
greatly increased the weekly product of the charcoal furnaces in Sweden. 
The general dimensions of the blast furnaces are from eight to nine feet 
across the boshes, and from forty to fiffcy feet in height. The average 
product of these furnaces driven with a blast heated to 150^ to 200^ Cen- 
tigrade is about seventy-five tons per week, which is nearly double the 
product made a few years since, and now made in the United States from 
the same class of magnetic ores, which must be carefully distinguished 
from the brown hematites of Connecticut and the peroxides of Lake 
Superior. The charging of the fiimace, in particular, is most carefiilly 
attended to ; absolute uniformity in the size of the pieces of ore is insisted 
upon, and the charge is distributed over the furnace by a shovel, in which 
it is first weighed, and then run on a suspended railway to the tunnel 
head of the furnace, which is never closed. The most intelligent engineers 
expressed the opinion that the furnaces would give better results if made 
larger; but as they are, 100 pounds of cast iron are produced with ninety 
pounds of charcoal, which is as near as possible at the rate of 112 bushels 
to the ton. To supply this quanity of coal it is estimated that 5,000 square 
metres (about 6,000 square yards) of wood land are required, and the most 
vigorous care is practiced in order to insure a perpetual supply of wood 
to the works. This is not in consequence of any regulation of the gov- 
ernment, as is generally supposed, but by a concurrence of action among 
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tlie Swedish iron-masters, who have an association administered with 
great vigor and intelligence. For the production of 100 pounds of bar 
iron from the pig 100 pounds of charcoal are required where the works 
are upon a scale sufficiently large to work to the best advantage. 

The English run-out or refinery fire is not in use in Sweden, but the 
refining is all accomplished in the ordinary forge fire generally in use in 
Pennsylvania. Various modes of treatment in this fire are employed, but 
the one most generally used is the Lancashire method, substantially the 
same as the Welsh process generally employed in the United States. At 
Dannemora the Walloon method is employed, and at Elfsborg the method 
of Franche Comt6 is in use. At Kihlafors a combination of the Walloon 
and Lancashire methods is adopted, which is said to produce a very 
superior quality of iron with a very small consumption of coal. A detailed 
description of these methods may be found in Percy's Treatise on the 
1 1 Metallurgy of Iron and Steel, pp. 591, 604. They all give good iron if 

they are properly followed. 
i| The special interest which these Swedish irons have for us consists in 
^1 the fact that at this day, as for many years past, they are regarded as 
indispensable for the production of the best quality of cast steel by the 
cracible process. Hence the exhibition made by. Sweden was among the 
most interesting in the Exposition, and it is creditable to that country 
and its iron-masters that it was not only most complete in all its details, 
hut afforded an opportunity of studying its peculiar process of manu- 
facture, from the ore to its final result in the highest grade of cast steel. 
i| The Swedish exhibition was in charge of a most intelligent engineer, Mr. 
^1 L. Einman, who took the greatest possible pains to furnish whatever in- 
formation might be desired in regard to the manufacture of metals in 
Sweden. 

The Dannemora irons have generally a fine grain, but unequal in size, 
composed apparently of hard and soft particles, but in ductility and 
tenacity the strength of this iron still maintains its superiority over all 
others ; and it has the remarkable peculiarity that, when heated, it be- 
comes very soft and full of fibre, and when cemented and cast into steel 
the inequalities of fracture entirely disappear. The irons made by the 
Lancashire fires are generally the most equal in .grain, and this is sup- 
posed to Ife due not so much to the primary process of manufacture as 
l| to the peculiar mode of reheating and hammering to which they are sub- 
sequently subjected. For reheating, the gas welding furnace, as it is 
cjdled, is usually employed, by which the bloom is subjected to so high 
a heat as to become incandescent, so that when subjected to the hammer 
all raw iron breaks in pieces, and is thrown off in the forms of small bits 
^ I and blue sparks. Loops which act in this way are absolutely rejected 
;t I for conunercial purposes, and are only used for the local wants of the 
d I vorks themselves. There can be no doubt in my mind that to the use 
r- 1 of the gas welding furnace, and the high heat, coupled with care in the 
cT I selection of ores, is due the superiority which must be accorded to 
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Swedish over American iron made by the charcoal process. For steel, 
iron ore containing phosphorus is absolutely rejected, and it is a curiom 
fact that Mr. Le Play, so long ago as 1846, prepared a table of Swedish 
iron, arranging their rank according to the price which they bore in the 
steel market of Sheffield, and the subsequent analysis of these irons \ 
shows that this value, determined by the practical experience of the i 
manufacturers of steel, is directly determined by the quantity of phos- j 
phorus and sulphur contained in the pig iron from which the bars are > 
made. ^ 

Inasmuch as the consumption of Swedish iron in the United States is 3 
very considerable, and the demand for that quality of metal is likely to ^ 
increase, to be met either by importation or by domestic production, I ^i 
have deemed it best to append to this report a copy of the table obhg- j^ 
ingly furnished by Mr. Einman, giving the names and marks and kind 1 g 
of ore used in all the Swedish iron works 5 and also to append an analy- j^ 
sis of the different kinds of pig iron from which they are made. A care- j~. 
ful study of these two tables (Appendix A) will not only guide the con-.j 
sumer in the selection of the kind of iron which he may require for special J 
purposes, but will enable the American iron-master to select the kinds of' 
ore with which he may hope to replace Swedish iron in our own marketSi 
But let it not be supposed that this last result can be achieved by oi» 3 
alone. The same care in the manufacture, and the same severe test'^ 
which is applied to the loops, heated to the highest point, will be re- ,, 
quired to insure a uniform and satisfactory result. The best form of gaa -, 
fumance is probably that of G. Ekman, models of which were exhibited 
in the Exposition, and a description of which can be found in Percys 
Metallurgy, page 716. 

It is well to note that in the forge, or sinking fires, two tuyeres are - 
generally employed, placed opposite to each other, by which the produe- 
tion is increased and the consumption of coal diminished, and the iro* - 
is generally regarded as more homogeneous. Puddling with wood it- j 
also practiced to a considerable extent in Sweden; and, in this conne# ' ^ 
tion, although somewhat out its proper order, it is best to describe thi- - = 
furnace devised by F. Lundin, of Carlstadt Munkfors, designed for the j 
consumption of turf and peat, without drying, and of wet sawdust or/- . 
other moist fuel 5 an invention deemed so valuable that the associatioi^ . : 
of Swedish iron-masters have rewarded Lundin by a gift of $10,OOOj(L . ^ 
which,, in Sweden, is a very considerable sum. In this fiimace the fuefe : 
is fed by a hopper into a. reservoir, resting upon an inclined grate, sup^ '- 
plied from below with air from a blower. The products of combustiiMp- 
thus produced pass through a condenser, where all the moisture in tho 
gas is condensed. The gas then passes to the heating furnace, which iM^ 
furnished with Siemens' regenerators. It is found easy to use fuel coifr*r*" 
taining as much as forty-five per cent, of water, and the resulting gi 
contains about thirty-three pounds of water to one hundred pounds 
dry gas, and the water, after condensation, contains about two per cei 
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of its weight in gas, or three per cent, of its volume. The condensing 
apparatus consists of 3,500 pounds of iron bars piled crosswise on each 
other, and kept cold by a jet of water from a tuyere. The heat of the 
gas before condensation of the water always melts lead easily, and some- 
times zinc. The expense of the construction of a full-si«sed furnace in 
Sweden is about $2,500 in currency, and it is estimated that such a 
farnace will utilize 1,700 tons of fuel in a year, at a saving proportioned 
to the cost of other fuel in the particular locality where it is employed. 
In Sweden it is estimated that the annual saving, resulting not merely 
torn the cost of the fuel, but from the repairs of the furnace and the in- 
creased temperature, amounts to over $5,000 per annum on the product 
of each furnace.. In the Ekman furnace dry wood containing eight per 
cent, of water produces in the generators gas of a temi)erature of l,394o, 
while in the Lundin furnace the temperature is 2,666o, the combustion 
m both cases being produced by cold air. The gas produced by seasoned 
wood contains more water than that which proceeds from the Lundin 
condenser. The duration of the furnace is simply surprising, and is to 
be attributed probably to the fact that there is no cinder. In eight 
weeks the thickness of the roof, 4 inches, was only diminished from J to 
I inch, and the side walls were entirely uninjured. So wonderful is the 
success of this system of condensation, in connection with the Siemens? 
regenerators, that, in Sweden, and in fact everywhere where moist fiiel 
is employed, the Lundin furnace will supersede every other. Its great 
merit is, that it is available for any kind of fuel whatever. In the United 
States it is believed that this arrangement might be employed advan- 
tageously for washing the gas obtained from mineral coal j but its chief 
merit consists in the fact that in mineral regions, far removed from the 
coal fields, it is possible to establish iron works, using sawdust or peat 
with entire success and great economy. In the lumber regions of Lake 
Superior it will be found to have a special value, because there is an 
abundant supply of pig accessible to the saw-mills on Green Bay and in 
Michigan, producing enormous quantities of sawdust, slabs, and waste 
timber. 

Although reluctantly I have been compelled to abandon the idea of 
aecompanyiug this report with drawings, and to rely rather on references 
to printed publications, the drawings of the Lundin furnance are annexed 
If in Appendix B, not merely because they are not elsewhere attainable, 
m tat because the value of the invention is such as to secure its immediate 
ip| introduction into the United States, in many parts of the country where 

nuneral coal is dear or not attainable. 
lit| The Exposition presented very complete specimens of pig iron from all 
parts of Europe, but the experience valuable to our American iron- 
n^asters could only be acquired by actual visits to the works where they 
▼^ produced. In South Wales the most remarkable feature was the 
endurance of the furnaces, some of which had been in blast for more than 
ntl 20 years, and no famaces were expected to go out of blast under 10 or 12 
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years. As the production of these furnaces varies from 200 to 300 tons 
per week, and the ores and coal are not less calculated to wear the lining 
than our own, it would be very desirable to determine the cause of this 
greater durability. In Wales the heat of the blast is usually about 600°, 
and its pressure from three to three and a Jialf pounds per square inch. 
As all these conditions are to be found at particular works in the United 
States, where furnaces continue in blast only from three to four years, it 
would seem that the quality of the bricks might explain the difference. 
Another peculiarity of South Wales is the great difference in the product 
of furnaces having the same dimensions and shape and using the same 
materials, and for which the experience of the iron-masters offered no 
adequate explanation. Again, at Ebbw Yale, the Sirhowy furnace, 73 
feet in height, 18 feet across the boshes, with the hearth seven feet six • 
inches in diameter, and the tuimel head ten feet in diameter, containing ^ 
11,900 cubic feet, did not produce as much iron as another furnace seven- ^ 
teen feet six inches across the boshes, forty-eight feet high, with the same ^ 
sized hearth and top containing 6,590 cubic feet. This latter furnace ^ 
averaged about 380 tons of iron per week, using about one and a half ton ^ 
of raw coal to the ton of iron. Its interior section was in the form of two ^ 
cones meeting at the boshes, and a drawing of it will be found among the rn 
Ebbw Vale furnaces, marked E. Y., No. 3, p. 559 of Percy's Metallurgy >^ 
of Iron and Steel. The only mechanical arrangement of these furnaces ^ 
worthy of special notice is the cup and cone device at the tunnel head, ^^ 
which is described in Percy, page 470, perfected at the Ebbw Yale irott ^5 
works, and now generally adopted at all the large iron works in Great ^-= 
Britain and on the continent, except in Scotland and in the Cum- -^ 
berland region, where it is supposed to have an unfavorable influence^* 
on the quality of the iron. The object of this arrangement is to -^ 
throw the small ore and coal against the sides of the furnace, and ,^ 
the large pieces to the centre, and it was stated to be essential that ^ ^ 
the cone when drawn up to its place should have a space of 18 inchei , 
between it and the lining of the furnace. From the space thus pro* -^ 
duced the gas is drawn off for the supply of the hot blast ovens ani- , 
the boilers, which, in the great majority of cases, were placed upon the -^ 
ground and not upon piers, and no difficulty is experienced in procuring' j 
an adequate supply of gas below by the draught of high chimneys. BJt 
was generally stated that the adoption of the cup and cone arrangemeiifefr ^ 
had improved the running of the furnaces and diminished the consumiM* 
tion of coal. 

The Cumberland region has long been remarkable for the large produi 
of iron from its blast furnaces. Even as early as 1862 a weekly product 
over 600 tons had been achieved in one furnace, and although the busini 
has greatly extended in that region, and is still characterized by h 
weekly products, it does not appear that any improvements have 
lately made either in construction or in yield. At Barrow-in-FunM 
there are six furnaces 15 feet across the boshes, by 42 feet high; and fi^ 
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ftimaces of 17J feet across the boshes, and 47J feet high. When work- 
ing for pig iron designed for the Bessemer process, the smaller furnaces 
make 300 and the larger 400 tons per week of extra gray pig iron, but 
this product is very largely increased when the furnaces are running on 
forge iron, a single furnace having made as much as 700 tons in a week. 
This remarkable product is due to the admirable character of the ore, 
vhich is a red hematite, yielding 60 per cent, on the average, and is 
smelted with a ton of coke per ton of iron, but when the grayest iron is 
made the consumption of fuel is undoubtedly greater. Admirable as 
these works are in construction, and producing annually the enormous 
quantity of 200,000 tons, there was nothing in the process of manufacture 
calling for special notice. 

But at no point in Europe was the lesson of the superior advantage of 
good quality more plainly inculcated, for here, on the west coast of Eng- 
land, gray hematite iron was selling for 90 shillings a ton, while on the 
east coast of England gray Cleveland iron could be purchased for 40 
shillings per ton; the one finding a market in the Bessemer process, 
where only the very best iron can be used, while the other had to be sold 
in competition with the great mass of inferior pig. But though the iron 
of the Cleveland region be inferior, it is there that the American iron- 
master has most to learn. The ore of the Cleveland region is of the 
fossiliferous variety, yielding 31 per cent, raw, and 42 to 43 per cent, 
when roasted. The coke is extremely tenacious, enduring a heavy pres- 
sure without being crushed. The first furnaces built were about 18 feet 
m diameter and 55 feet high, making a weekly product of about 230 tons, 
with a consumption of IJ ton of coke to the ton of iron, and a tempera- 
ture of blast of from 600^ to 700o. The excellent performance of the stock 
in the furnace soon led to an increase in its height, with a corresponding 
increase in the temi)erature of the blast, and now there are furnaces in 
operation in the Cleveland district 102 feet in height, 27 feet across the 
boshes, and driven with a blast of a temperature of from 1,000° to 1,100°, 
or at least sufficient to melt pure zinc, back of the tuyeres, in from four 
to five seconds. The consequence is that the consumption of fuel has 
been reduced to a ton of coke to the ton of iron, and there has been a gain 
of two per cent, in the yield of the ore, which latter phenomenon is attrib- 
uted to the use of the Player stoves for heating the blast. In this 
arrangement the gas is burned in a separate chamber, and only the 
resulting heat reaches the pipes. Thus all floculent matter is disposed of 
and the pipes require no cleaning, and their liability to injury is far less 
duel tofli when the flames come in contact with the pipes, subjecting them to 
et (1 tiie danger of being burned in spots. The pressure of blast is from 3 J to 4J 
mm pounds to the inch, and six tuyeres of 3J inches diameter usually serve 
largi to convey it to the furnace. At the Norton works, where there is a fur- 
beel Bace 85 feet high by 25 feet boshes, there were four stoves, containing 60 
vwm pipes weighing 126 tons, which heated the blast from a blowing cylinder 
I ti\l of 7 feet by 7 feet, making 13 revolutions per minute. The general rule 
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' for blast is that there shall be 1,200 square feet of heating surface for 
each 1,000 cubic feet per minute. 

The effect of this change in the size of the fiimace and the heat of the 
blast in the Norton furnace above referred to was to give a weekly pro- 
duct of 365 tons. All these furnaces have the cup and cone arrangement 
at the tunnel-heaJi, and the gas is drawn off into a great iron flue forming 
a kind of cornice or moulding around the top of the fiimace, but covered 
with brick so as to avoid radiation. A proper outlet for the gas is indis- 
pensable for the larger product and economical results which have been 
described. The pipe for conducting the gas to the ground must not be 
less than 7 feet in diameter, and is lined on the inside with brick. 

All the ore of the Cleveland region is calcined in vertical kilns, varying 
from 24 to 35 feet in height, and from 4,500 to 8,000 cubic feet capacity, 
charged with ore and fine coal in layers, and consuming about one ton of 
coal to 24 tons of ore. This calcining might be far better done by the 
Westman fiimace, but unhappily the supply of gas from the blast furnace 
is not more than suf&cient to heat the boiler and stoves. All the usual 
modes of elevating material to the top of the fiimace are to be found in 
this region, but the pneumatic lift more recently introduced merits atten- 
tion, as working in a very satisfactory manner. It consists of a cast-iron 
cylinder of the height of the fiimace, made in sections bored out and 
bolted together, so as to provide a chamber 36 inches in diameter, in 
which the piston fits loosely, and weighs about half a ton more than the 
platform and empty barrows. Leather packing is used to render it air- 
tight. The platform surrounds the cylinder, and is put in motion by the 
movement of tiie piston, with which it is connected by wire ropes passing 
over four eight-foot pulleys at the top of the cylinders. Four barrows of 
material are raised at a time, weighing from one to two tons, and the 
upward and downward motion is communicated by the alternate exhaus- 
tion and compression of air beneath the piston to the amount of from one 
to three pounds per square inch, according to the load. A pressure <rf 
one pound to the square inch is required to lower the empty barrows. 
For the calcining kilns, a similar arrangement, but of greater power, ia 
employed. 

The early introduction of the high furnaces into the tTnited States 
would seem to be inevitable, provided the fuel is strong enough to resist 
the pressure which is involved. Our magnetic^ carbonaceous, fossil* 
iferous, and red hematite ores, except in a few instances, are remarkably 
well adapted to these fiimaces, and if it should be found that our admi- 
rable anthracite will not decrepitate when subjected to the incidental 
pressure, it is not hazarding much to predict that the consumption (M 
fuel can be readily reduced to a ton for each ton of iron made. 

An analysis of the coke used is subjoined, as a guide to those wha 
employ that fuel : 

Carbon 91.4S 

YolatUe hydro-carbons O.ft^ 
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Sulphur 1. 

Ash 6.66 

Moisture 0.28 

Among the other curiosities connected with the Cleveland iron, is an 
analysis of the dust which is deposited by the gas in its passage from the 
fomace through the stoves and under the boilers. 

Protoxide of iron 14.22 

Oxide of zinc 10.48 

Sulphide of zinc 13.70 

Alumina 8.20 

lime : 12.32 

Magnesia 5.03 

Chloride of silicon 4.74 

Ammonia 1 0.70 

Thalium trace. 

Sulphuric acid 3.18 

Free sulphur 0.17 

^ Silica 22.60 

^ Carbonaceous matter 4.50 

o: 

n; Total 99.84 
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So large a proportion of zinc from an ore which contains no zinc is a 
if I^enomenon not unobserved at other places, but has as yet received no 
lit satisfactory explanation. 

Bie Player stove was the subject of commendation in the Cleveland 
legion, and appeared to be as satisfactory a mode of heating the blast as 
any in use. But it is proper to say that an equally high temperature can 
be procured in other ways.^ The introduction of a hotter blast into the 
United States will certainly effect a large saving of fuel, but the effect 
iipcm the quality of the iron must in a great measure depend upon the 
character of the ores employed. Its combination, however, with the high 
famaces certainly affords one of the most interesting and instructive 
lessons in recent metallurgic improvements. 

In Scotland, where for so long a time the yield of blast furnaces was in 
tdvance of all other regions, no progress seems to have been made, the 
ftmaces rarely exceeding 200 tons per week. An attempt has indeed 
keen made at Gartsherrie to increase this amount by the erection of two 
bmaces 60 feet in height, but the consumption of ftiel has riot been 
leduced, and the yield of the furnace in iron not materially increased. 

TMs is noted here in order to suggest caution in our own progress 
toward higher furnaces, because the increase in the height of the furnace 
8t Gartsherrie appears to have increased the quantity of solid matter 

'Stoves made with fire-brick, under Cowper's patent, or modifications thereof, are found to 
work well, and are growing in favor. They are described in Bauerman*s admirable * * Man- 
^ of Metallurgy" republished by Van Nostrand in New York. 
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which falls down into the hearth and very much adds to the labor of 
working the furnace. It has been suggested that a modification in the 
shape of the furnace might relieve this difficulty, and some new furnaces 
erected by Mr. D. Adamson, in North Lincolnshire, are cited as an exam- 
ple of the advantages of bringing down the lines of the furnace almost 
parallel to a very low point, and then drawing them in quickly towards 
the hearth. But in the absence of a larger experience it would be unsafe 
to recommend any other course but extreme caution in departing from 
successful practice. 

Passing from blast furnaces to rolling mills, the most striking change 
presented in the new works is the simplicity of the machinery, its large 
dimensions, and their arrangements for dispensing with labor in the 
handling of the material. Eeversing mills are generally employed in 
Great Britain in preference to three-high rolls, but in France it is to be 
noted that at Anzin, in Isk^e, three-high trains have been in use for roll- 
ing girders since June, 1849. There is also a three-high plate mill at Le 
Creusot, and the principle of three-high mills appears to be perfectly well 
understood in Europe, but the reversing mill is generally preferred- 
Direct acting engines — that is, engines without intermediate gearing, 
are generally preferred, but at Crewe, in the plate mill the fly wheel was 
dispensed with ; a pair of engines similar to a locomotive engine were 
used, running at a high speed and geared down so as to give the proper 
number of revolutions to the train. At Ebbw Yale there is an engine, 
driving a small train, (running 250 revolutions per minute.) In both 
these cases the result was entirely satisfactory to the managers. Another 
striking feature in the rolling mills and in some of the larger steelworks 
was the adoption of the hydraulic crane for moving the masses of metal, 
and where the hydraulic crane was not used the steam crane often sup- 
plied its place. The ratio between hiunan labor, and the quantity of 
material handled, has thus been greatly reduced, and apparently brought 
to a minimum, and in the United States, where labor is so dear, the intro- 
duction of hydraulic machinery as a substitute for human muscles is aa 
imperative necessity. 

The arrangements necessary for this purpose are not complicated, 
although somewhat expensive. Where an adequate pressure of water, 
say 300 pounds to the square inch, can be procured, from an adjacent 
height, as at the admirable works of Naylor, Yickers & Co., in Sheffield, 
the expense is lessened, but in other places it is only necessary to erect 
an accumulator and supply the pressure by artificial means ; and even 
the accumulator may be dispensed with by the use of the duplex steam 
piunps generally employed in America. The steel-rail mill of John 
Brown & Co., at Sheffield, and the new steel works of Naylor, Yickers & 
Co., at Sheffield, are admirable examples of the perfection to which thi» 
hydraulic system has been carried 5 and taken as a whole I regard th^ 
latter establishment as the best specimen of mechanical engineering' 
which has come under my observation. 
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Attention should also be directed to a tool for slotting the ends of rails, 
so that they may be all of exact length, which is indispensable in order 
to secure a perfect railway joint. The cost of this operation is about two 
pence per rail, and the machine is not expensive. Another machine for 
cutting rails cold, at John Brown & Go's., was worthy of observation. It 
was a circular saw 16 inches in diameter and J of an inch thick, making 
20 revolutions per minute and cutting 6 steel rails per hour. Another 
feature admirable for the order and cleanliness of the. mill was the cem- 
etery for rolls not in use, which were all buried in special tombs prepared 
for their reception under the iron floor of the mill, whence they were 
easily removed by cranes. 

Among the names of those who give dignity to the grand prize of the 
Exposition stands that of Charles William Siemens for his gas regenera- 
tive heating furnace; and although this invention has been long enough 
in use thus to command the homage of the scientific world, it is only 
within a few months that it has been introduced for the first time into an 
iron works in the United States. Its practical success is, however, unde- 
niable, and for the reheating of steel, whether made by the crucible or the 
Bessemer process, or for the heating of iron, where a clean incandescent 
heat is required, or for any of those operations in which wrought iron is 
required to be kept in a melted condition, its necessity is unquestionable. 
Its merits, however, are not limited by these results, for which it was orig- 
inally designed, but enable hitherto useless or nearly worthless forms of fuel 
to be employed with entire success. At Crewe, where coal alone is used for 
reheating, five hundred weight suffices to do the work of a ton under the old 
plan, and at the time of my visit they were using half saw-dust, saving 
thereby one-fifth of the coal, that is to say, two and a half hundred weight 
of saw-dust was found to be equal to one hundred weight of coal. At the 
wire works of Eichard Johnson & Nephew, as we have already seen, the 
consumption of coal was reduced from about fifteen hundred weight to 
eight hundred weight per ton of billets heated, and the waste from 10^ 
per cent, to 6.9 per cent. At Bolton the manager assured me that the 
results were equally satisfactory, although he considered it an open ques- 
tion whether, in cases where the waste heat was used for making steam, 
there would be much economy of fuel by the use of the Siemens' furnace, 
but he had no doubt whatever as to the saving in waste and the increase 
of product from the furnaces. Aside from the question of the quality of 
the iron produced, the Siemens' furnace in the United States will be found 
of most value where coal is dear, and, above all, at works driven by water 
power and the surplus heat now allowed to go to waste. The application 
of the Siemens' furnace to puddling is quite recent. I saw it in operation 
at Le Creusot, in France, and at Bolton, in England. At the former 
hi>| place the coal, which is an impure kind of anthracite, had required some 
thfl modifications to be made in the generator, so that the advantages could 
iBg| not be estimated, but at Bolton the furnace worked so much more rapidly 
than the old fdmace that it was necessary to put on three shifts of hands 
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per day, and no difficulty of any kind was found in the operation of the 
ftimace. I regard it, therefore, as one of the most imi)ortant improve- 
ments to be introduced into American iron works at the earliest possible 
day. 

The success of Siemens has given rise to many attempts to improve 
the ordinary puddling ftimace, and at Bolton I found in operation the 
Wilson furnace, which differs from the common furnace in having the coal 
fed in from a hoppej* over the fuel chamber on to an inclined grate, and with 
a bridge which causes all the smoke to be consumed before reaching the 
stack. Although this furnace has been tried previously at other places 
and abandoned, yet at Bolton it appears to be working well. The con- 
sumption of coal was less than a ton to the ton of iron, the number of 
heats in twelve hours was increased from six to seven, and the waste of 
the iron was stated to be decidedly less. In case subsequent experience 
should confirm the promise of the experiment as I saw it, it would seem 
that in works where the waste heat is required for raising steam, the 
Wilson furnace could be introduced with more advantage than the Sie- 
mens' furnace for puddling. 

In the Exposition among the articles exhibited by the Dowlais works 
was a puddle ball of unusual dimensions, made in the mechanical puddling 
machine constructed by Mr. WiUiam Menelaus, the able and experienced 
manager of this extensive establishment. A visit to the works proved 
that no expense had been spared in order to substitute puddling by 
machinery for the work by hand. A building and engine had been put 
up expressly for the purpose, and four massive machines erect.ed, capable 
each of heating a quantity of iron sufficient to produce a ball of six hun- 
dred-weight. The puddling vessel is of a shape that would be produced 
by revolving the bottom of a puddling furnace, and is caused to turn on 
a horizontal axis resting on firm bearings. The vessel is first charged 
with iron, either cold or melted, and then lifted by a steam crane and 
placed on its proper bearings, and as soon as the metal is melted, thrown 
into gear and caused to revolve. It was expected that the puddling 
operation would be accomplished by the simple revolution of this vessel, 
supplied with the products of combustion from a furnace placed at one 
end. When the heat was completed, the vessel was lifted from its bear- 
ings by the crane, the bridge end turned down, and the ball dropped out 
upon a carriage ready to be taken to the hammer. There were of course 
many other details, which it is unnecessary here to describe, as the results 
achieved were not such as to encourage imitation. The first difficulty was 
found in procuring a lining material which would withstand the chemical 
action of the metal and cinder, and the mechanical action of the iron from 
the time it came to nature until it was balled up, Ganister was tried and 
failed, because the iron produced was invariably cold-short. Titanic ore 
from Norway was found to stand nearly as well as the ganister, and the 
iron produced was less cold-short, but with neither could a satisfactory 
iron be produced. Iron linings failed, because the iron under treatment 
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adhered to the sides of tiie vessels ; and Mr. Menelaus makes this impor- 
tant statement, that it is next to impossible to prevent puddled iron from 
adhering to the clean surface of an iron lining heated to the temperature 
necessary for puddling. It was also found that {artificial blast was 
necessary, but notwithstanding over 600 tons of iron were made in 
these vessels, and the highest order of mechanical talent brought to bear 
upon the process, neither the lining could be made to stand nor the iron 
brought up to a merchantable quality. 

The problem of mechanical puddling, therefore, still remains unsolved, 
but the manual labor of the puddler can undoubtedly be considerably 
diminished by the use of puddling tools or rabbles, moved backwards 
and forwards around the furnace by a series of levers put in motion by 
steam or other power. At the Northfield iron works, near Sheffield, such 
machinery, invented by John Griffiths, was in operation on a single 
double puddling fiimace, in which ten hundred- weight of pig was charged 
and six heats were made daily by one puddler and two boys helping him. 
It was claimed that 2,400 pounds of puddled iron was being produced 
with sixteen and a half hundred-weight of coal, and there certainly was 
a saving of one skilled workman. And yet it was stated that where 
these machines had been put into the works, and left to the option of 
the puddler to be used or not, and the same price per ton paid for the 
result, the puddlers had declined to use them. £ut whether because 
they were really found to be of no service, or because they feared their 
use would bring down the rate of wages, it is impossible to say. 

So fax as my judgment goes, I think they could be introduced with 
great advantage to both masters and men. 

At Le Creusot, in puddling white pig iron for rails, they make eleven 
heats per turn, or two and a half tons, in a furnace with one puddler and 
two helpers, which is a larger yield than I have any knowledge of else- 
where, but it is certainly not due to any peculiarity in the furnace. 

Player, the inventor of the hot-air stove, has also taken out a patent 
for what he terms a blooming process, by which the entire heat is 
removed from the puddling furnace in one mass, and carried to the ham- 
mer on a suitable carriage, thus saving the expense of separating the 
heat into small balls. Trials are now being made with this process, but 
it is yet too early to give any positive opinion as to the result. 

Of the value of another improvement, however, made by John Beard, 
there can be no doubt. This invention consists in placing the grate-bars 
of the puddling furnace upon two axles, at the front and back of the fire 
chamber. To these axles a vibrating or rocking motion is given by 
means of levers, the effect of which is to raise the grate-bars alternately 
at opposite ends, so that each grate-bar vibrates up and down in an 
opposite direction to its adjacent grate-bar. The value of this improve- 
ment consists in the facility with which the grates are cleaned and freed 
from all clinker without breaking up the fire. It was already introduced 
into the Bla.enavon works, in South Wales, and those of John Brown 
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& Co., at Sheffield, where it was stated to give an additional heat from 
the furnace per turn, and to make a considerable saving in coal. 

The manufacture of puddled wire-rods is a very extensive business in 
Great Britain, but no one has succeeded in naturalizing it upon American 
soil. With the best grades of charcoal iron it is indeed possible to make 
good puddled wire rods in the United States, but at a cost too high to 
compete with the foreign article, in the production of which no charcoal 
is employed. I visited the works of J. C. Hill & Co., near Newport, in 
South Wales, and those of Eichard Johnson & Nephew, at Manchester. 
In both these works, a mixture of several brands of coke iron is 
employed, costing on the average about £4 per ton. Single puddling 
furnaces alone are used; the charge of iron is 4 J cwt., and the yield from 
3J to 3^ cwt., made up into five balls, and showing a waste much larger 
than usual. These balls are hammered under a five-ton helve, to a 
bloom four inches square, and this bloom is taken hot to a balling furn- 
ace, where it is heated and rolled down to the ordinary IJ-inch billet for 
wire. The greatest possible care is taken at all stages of the operation, 
but the result of my observation is, that the puddling fumance is the 
stage in which the iron receives its proper preparation for a wire rod, 
and I think I may say that as a general rule, when high grades of iron 
are to be produced, I remarked a higher standard for the puddled bar 
than I have been accustomed to see in the United States. The practice 
of puddling for grain instead of fibre is more general, and I think I can- 
not be mistaken in saying that the puddle balls are far more thoroughly 
cleaned of cinder when puddled for grain. At Blaenavon and at Le 
Creusot, at which works very superior iron is made, the grain of the 
puddled iron resembled puddled steel more than iron, and it seems 
probable that we shall hardly attain to the same regularity of product in 
America until the same careful attention is paid to the puddling process. 

The propriety of rerolling old rails seems to be involved in as much 
doubt in England as in the United States.^ The general practice, how- 
ever, is to sell the old rails and purchase new ones, but at Crewe the 
London and Northwestern Eailroad Company, and at Swindon the Great 
Western Eailroad Company have mills for reworking their old rails. 
There was a concurrence of opinion in both establishments that new iron 
should be used in the head, and at both the steel-headed rail with old 
rails in the base was looked upon with favor. At Swindon I saw a 
beautiful steel-headed rail which had been made by balling up cast-steel 
turnings in a common balling furnace and placing the resulting bar on 
top of a rail pile. The fracture was admirable and the weld appeared to 
be perfect. There seemed also to be a general agreement that the top 
slab of a rail pile should not be less than one and a half inch in thick- 
ness, and two inches is preferred. At Blaenavon puddled steel is used 
for heads with very satisfactory results, but care is taken that the layer 
of steel on the finished rail shall not be less than five-eighths inch thick. 

* See Appendix F. 
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PROCESSES FOR THE MANUFACTURE OF STEEL. 

By common consent it seems to be agreed that the most striking fea- 
ture of the industry of the present day is the marked advance in the 
manutacture of steel and its progressive substitution for iron, in all cases 
where strength must be combined with lightness. Notice has already 
been taken of the enormous masses of steel in the Exposition, but it was 
only by observing the infinite variety of forms and puri^oses to which it 
was applied, that the intelligent observer was compelled to admit the 
transition which is taking place from the age of iron to the age of steel. 
Another conclusion could not fail to be reached from a careftQ study of 
the products and processes represented in the Exposition, viz: that good 
steel can only be made from good material, no matter what process is 
employed. For the best steel the crucible process still maintains the first 
rank, and although the Exposition contains some beautiful specimens of 
material made by other processes, yet it wa« quite evident that no plan 
has yet been made suflBciently pra(;tical to infringe upon the domain of 
cracible steel for the more difficult and higher uses for which this metal 
is required. The process of making crucible steel is too well known at 
this day to require description at my hands, but like all other branches 
of the metal business it has of late undergone an immense extension in 
the size of the works and of the products. 

At the establishment of Thomas Firth & Sons, in Sheffield, the old 
system of making steel is maintained in its integrity, and of a quality 
unsurpassed by any other maker. And yet here I saw a 12-ton ingot 
cast for the tube of a Woolwich gun, poured from crucibles containing 
each ab3ut 50 pounds. In order to make a solid ingot it is indispensable 
that the metal should be poured continuously into the mould at a high 
temperature, inasmuch as any delay in discharging the crucibles would 
be fatal to the quality. The difficulty of preparing this quantity of metal 
in such small instalments so as to reach the mould in due season, and of 
organizing the gangs of men necessary for its transfer, will easily be appre- 
ciated by those who are familiar with the magnitude of the task. The 
only evidence in these works, besides the masses of steel, of the new era 
upon which the business has entered, was to be found in the enormous 
steam hammers, furnaces, and cranes, which had been rendered neces- 
sary in order to fabricate ingots of such massive character. So admira- 
ble were these arrangements that there seemed to be no greater diffi- 
culty in dealing with these heavy masses of steel than with the smallest 
ingot on the premises. Here the fabrication of cast-steel locomotive 
tires has just been undertaken, with every possible facility for its suc- 
cessful operation. A cylindrical ingot is first made sufficiently large 
for six or eight tires ; this ingot is then cut in alathe into sections, each of 
the shape of a cheese, sufficiently large for a single tire. The stee^ 
cheeses thus produced are heated and thoroughly hammered under an 
immense steam hanmier, and, after being reduced in all directions by 
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tliis process, are again heated and punched with a conical-pointed punch 
under another steam hammer. The ring thus produced is enlarged by 
successive heatings and hammerings until it reaches the size suitable for 
the tire rolling-mill, where, after being again heated, it is rapidly finished, 
producing a ring without weld or joint. 

Inasmuch as the relative value of tires made by the crucible process 
and the Bessemer process is still a subject of discussion, I took special 
pains to compare the toughness of the crucible steel, as shown in the 
clippings of the fin on the finished tire, with the same clippings from 
the Bessemer tires, and no doubt was left in my mind as to the superi- 
ority of the crucible material ; but I do not wish to be understood as 
saying that the Bessemer material is not good enough for the purpose, 
and, in view of the relative price, more economical in use, Firth^s tires 
being sold at £45 per ton and the Bessemer as low as i£28. The mode 
of making crucible tires at the works of Naylor, Yickers & Co., was 
somewhat different, and appeared to be less expensive ; and here one 
could not fail to be struck with the admirable adaptation of mechanical 
means to the objects in view, and with the very complete arrangements 
for the production of large masses of crucible steel. Here again, was 
presented the perpetually recurring question as to the relative value of 
Bessemer steel for special purposes, such as crank shafts and locomotive 
crank axles, which are produced at these works in large quantities and 
from crucible steel. Of the value of the latter no doubt seems to be 
entertained, and the makers of the former insist that their work is 
equally reliable at a far less cost ; but I must again acknowledge that I 
saw no Bessemer steel in England of equal toughness with the product 
of the best makers of crucible steel. In the Exposition, on the other 
hand, there were specimens of Bessemer steel from Sweden and from 
Austria which appeared to be fiilly equal in quality to any crucible steel, 
and these may be the precursors of the coming day when crucible steel 
will be a thing of the past, but that day has not yet arrived. 

The past year may be said also to have decided the substitution of 
cast steel for iron in guns of small calibres. The peculiar excellence of 
the Marshall iron is still admitted, but it cannot be denied that cast 
steel is freer from " grays'' or specks, and, in point of tenacity, quite as 
reliable. When steel is employed for this purpose the barrel is not 
welded, but is generally bored after being forged to the proper length. 

The Chassepot rifles are aU being made in this way, but another 
method, known as that of Deakin & Johnson, is being introduced, with 
considerable probability of its general adoption. In this process the 
ingots, after being hammered to about five inches in diameter, are cut 
into pieces of suitable weight for a gun barrel, and punched in the same 
manner as has been described for the punching of tires. The blanks so 
punched are heated and hammered, and then roUed over a mandril "into 
a cylindrical tube about a foot in length, which is again heated and 
roUed over a mandril into a gun barreL This process forms the subject 
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of a patent, althoagh it is difficult to find anything in the process which 
is novel, except, possibly, in its limitation to gun barrels. It is appli- 
cable, however, either to cast steel or to Bessemer steel, the latter being 
generally employed. 

The Bessemer process is, of course, the great feature of our day in 
this department ;- and in order that it might be treated in such detail as 
its importance demands, it was deemed by the committee best to make 
it the subject of a special report, and this duty was confided to Mr. 
Fred. J. Slade, an American mechanical engineer, who had already 
devoted several months to its careful study, in the interest of the Amer- 
ican patentee. His report is hereto annexed, and will be found fully to 
justify the confidence of the committee in intrusting him with this import- 
ant duty. I have verified the accuracy of his statements by extended per- 
sonal examination, and it is only necessary for me to add one or two gen- 
eral conclusions at which I have arrived. The first is that the Bessemer 
process will not, as Mr. Bessemer originally supposed, supersede the 
paddling process, which appears to be, as yet, the only method appli- 
cable to the conversion of by far the larger portion of the pig iron made into 
wrought iron ; because by far the larger portion of the pig iron made is 
of a quality not good enough for the Bessemer process, which, in the 
absence of sulphur and phosphorus, is absolutely exacting. It is true 
that an antidote may yet be found for these two poisons, in which case 
the area of the Bessemer process would be enormously extended. But 
even then there would be a limitation to its general use (and this is my 
second conclusion) arising from the uncertauity as to the quality of each 
particular cast, requiring a special test for each in every case where it 
is to be subjected to great strains. But, even when this precaution is 
taken, it is found that in the manufacture of tires and of gun barrels 
there is a very considerable percentage of failure from undiscovered 
flaws, which show themselves in the cracking of the ingot when sub- 
jected to the severe test of the steam punch. Hence, in my judgment, it 
is not safe to use Bessemer metal in any case involving the security of 
life or limb, unless, in the process of manufacture, it has been subjected 
to such tests as wiU certainly show all its defects. 

I think it is safe to use it for tires and for gun barrels that have been 
made by the punching process, but I should think it unwise to employ 
it for solid railway axles made in the ordinary way. If punched and 
made hollow, this objection would not apply, and doubtless it would not 
be difficult to devise a method of making a solid axle from Bessemer 
steel that would be free from objection. 

In vdew of the small amount of Bessemer steel as yet produced in the 
United States, we are struck in Europe with surprise at the enormous 
provision made for its supply ; and it is quite evident that the business 
is overdone, and, contrary to all past experience, the inventor and the 
public at large seem to have profited by its introduction at the expense 
of the manufacturer. 
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As an adjunct to the Bessemer process, the Parry process must be 
mentioned, having for its object the conversion, in a cupola furnace, of 
wrought iron which had been freed from phosphorus and sulphur by the 
puddling process into pig iron adapted for the Bessemer process. For 
this method of operation extensive works were erected at Ebbw Yale, 
but they have been abandoned, and the patent has been purchased by 
Mr. Bessemer. 

This process would have very considerable value if the metal could be 
tapped from the cupola in the form of steel instead of pig iron, but this 
does not appear to have been practicable, inasmuch as the product was 
a white pig iron, containing two per cent, of carbon. A charge of 22 
hundred- weight was worked at a time, and required from 55 to 75 minutes , 
for its treatment, which involved a waste of twelve per cent. It might , 
possibly be used advantageously for the conversion of the ends of Besse- 
mer rails into pig, in case they should ever become so cheap as to war- 
rant the operation. It might also be used for melting down the metallic ^ 
sponge, which can be made by cementation from our rich ores in America, ^ 
but certainly without advantage in point of cost, unless the product ,^ 
should have qualities attainable in no other way. The production of ,i 
steel from the cupola furnace is still a desideratum to be attained, but ^ 
among the possibilities of the future. 

A careful study of the Exposition showed but two other processes tor 
making steel worthy of notice, and both French : the one patented by 
A. Berard and tried at the forges of Montataire ; the other that of Emile . 
and Pierre E. Martin, in operation at Sireuil. In both these systems 
cast steel is made in a reverberatory furnace. In Berard's process the 
conversion of the pig iron into steel is sought to be achieved by subject- 
ing the melted metal alternately to a decarbonizing and recarbonizing 
flame, for which purpose it is necessary to employ blast. He uses a ; 
Siemens^ furnace, and avails himself of the changes of current required 
in working the regenerators to affect the changes of flame. The furnace 
is divided by a bridge into two halves, and he thus operates upon two 
masses of iron at the same time, one of which is freshly charged, while ^ 
the other contains material which is nearly decarbonized. Some speci- 
mens of Berard's steel were on exhibition, and although creditable in 
themselves, it was generally understood that he had not yet succeeded 
in making steel regularly for market. The Messrs. Martin, on the con- 
trary, were not only making steel regularly at their own works at 
Sireuil, but the process is also in operation at two of the largest works 
of France — Le Creusot and Firminy — and is in process of erection at 
various other works in Europe, and arrangements have been made for 
its immediate introduction into the United States. In this process the 
pig iron is deprived of its carbon by the addition of pieces of wrought 
iron or steel either in the form of shingled puddle balls, or of scrap. 
The quantity, however, of wrought iron necessary to reduce the carbon 
to the required limits, is much less than would be inferred from the con- 
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sideration of the quantity contained in the pig, and does not in practice 
much exceed the quantity of pig itself. A charge of gray pig or of 
spiegeleiseii is melted in a Siemens' furnace, ha\ing a bed hollowed out 
to contain it, and is allowed to remain about half an hour after fusion to 
bring it to an intense white heat ; portions of malleable iron previously 
brought to a bright red heat are then added in successive charges of 
about 200 pounds, at intervals of twenty minutes to half an hour, each 
charge being thoroughly melted before the next is added. After two or 
three such additions, ebullition commences in the bath of metal, and 
continues till the carbon is wholly removed from the pig. The exact 
condition of the metal is ascertained ft'om small proofs taken from the 
charge, after each addition of iron towards the end of the operation. 
These are run into a small ingot mould, and when cooled to the proper 
I heat, hammered into a plate, about ^^ of an inch thick by 5 inches in 
I diameter. When the decarbonization is completely effected these proofs 
will bend double cold, and show a fi'acture quite fibrous. A quantity of 
pig, generally of the same kind as was used for the preliminary charge, 
is then added in such proportion to the amount of iron in the ftimace as 
to give the desired hardness to the steel, according to the use for which 
it is required. When this is melted the bath is well stirred to insure 
homogeneity in its substance, and a final proof taken, which is treated 
in the same manner as the others, and gives reliable evidence as to the 
state of the metal before pouring. This enables the quality to be very 
exactly adjusted to the degree of hardness required. Should it be too 
soft, more pig is added, while if it is too hard, the mere waiting from a 
quarter to half an hour will materially soften the metal. Arguing from 
this fact, Messrs. Martin claim that under the influence of such a high 
temperature, the carbon is to some extent spontaneously disassociated 
from the iron, and attribute in a measure to this the fact that so small a 
proportion of wrought iron is required to effect the decarbonization of 
the pig. The coating of scale formed on the iron in the preliminary 
reheating which it undergoes before being charged into the furnace, also 
assists in the removal of the carbon. When the metal has been brought 
to the desired condition, it is tapped off at the rear of the furnace into 
ingot moulds placed on a railway car, and thus brought successively 
mider the gutter. 

A considerable number of specimens of steel made by this process 
were exhibited, ranging in hardness from a metal too hard to be touched 
by a tool to a true wrought iron, intended to be used in the manufacture 
it I of armor plates. At Messrs. Martin's works, at Sireuil, the process has 
>r I been in regular operation during the past two years for the manufacture 
lel of gun-barrels, and some remarkable specimens of these were exhibited, 
it I Thus there was one that had been tested with very large charges of 
p- 1 powder and a he^vy weight of shot, which, by very palpable bulging 
>n|iu8t behind the balls, testified as to the softness and toughness of the 
n- 1 metal. In another, which had been burst by a similarly severe charge, 
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the metal had merely torn open for a certain length of the barrel, and 
the lips so formed were simply folded back 180'', without any sign ot 
cracking. There were also shown specimens of tool-steel, of excellent 
fracture, castings of pieces of machinery, such as gears and framing, 
and a large tube for a cannon of extremely soft metal, or melted iron, 
as it is named. 

The hardest variety of metal, called by the patentee " mixed metal,'' 
is considered suitable for castings which do not require to be worked by 
tools, but where great strength is required, such as hammer blocks and 
anvils, large gears, &c. By a subsequent process of annealing or dis- 
carbonization, carried on in a gas furnace, under the influence of an 
oxidizing flame, these castings may be softened so as to be quite mallea- 
ble and easily worked, and they then retain the advantage of being free 
from blow-holes. This metal is produced by adding to a preliminary i 
bath of say 1,600 pounds of pig 2,400 of wrought iron, and adding at thei 
end 1,200 pounds of pig. For tool-steel, to a bath of 1,600 pounds of s 
gray pig would be added 2,600 pounds of puddled steel from the sames 
pig, and at the end of the operation 400 to 500 pounds of spiegeleiseiLi 
For homogeneous metal, the preliminary bath at Sireuil is 1,200 pounds i 
of spiegeleisen, to which 2,000 pounds of soft iron, puddled to gTain,, 
from the same pig, iS added, and at the end of the process 200 to 300^ 
pounds of the same pig is charged, to give the requisite amount of carbon. 5 
The softest metal of all, which, however, has not as yet been made an: 
article of regular manufacture, is made in the same way, with the ex-, 
■ception that the final charge of manganiferous pig is but 5 per cent, of 
the contents of the furnace. With certain kinds of gray charcoal pig 
this proportion rises, however, to 20 per cent., since under the influencft- 
of the high temperature they refine spontaneously with great rapidity.^ 

Messrs. Martins' patents also coyer the use of ore either with or in 
place of the wrought iron or steel used for removing the carbon from the 
pig, and when this is used the progress of the operation is much more 
rapid. It has the objection, however, that the slag formed attacke 
violently the bricks forming the sides of the furnace, and therefore 
requires frequent renewals. 

This process has the great practical advantage that all the scraj 
arising in the manufacture of any product, such as the ends of bars, &c— 
is readily remitted to the furnace and immediately returned in the fom 
of useful ignots. 

The flame in the furnace is kept always slightly surcharged with gas 
a.n effect which the use of the Siemens' furnace renders easy and certain: 
And by this means the waste of the metal is always moderate. 

For the production of soft steel suitable for gun-barrels or for tir^ 
this metal already enjoys considerable reputation in Europe, and, indeec 
were it not for its excellent quality, it would be impossible to sustain ttt 
manufacture at Sireuil, where there is neither iron nor coal, the latt^ 
being brought from England and the former from various parts ^ 
France. 
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The results here stated were verified by a personal residence of Mr. 
Slade during several weeks at the works at Sireuil, and the regular and 
commercial success of the process was in that way seen to be Mly 
achieved. 

It is not asserted that cast-steel can be made as cheaply by this pro- 
cess as by the Bessemer; but where a product of definite quality is to 
be produced day by day, without rejections to any considerable extent, 
the Martin process has a decided advantage over the Bessemer, and in 
comparison with the crucible steel is decidedly less expensive. Its chief 
drawback would seem to lie in the difl&culty of keeping the furnace in 
order, and only the most refractory materials will withstand the high heat 
required for its operation. As much as five tons of steel have been pro- 
duced by this process at a single heat, and there is no dif&culty in com- 
bining the product of several furnaces where larger masses are desired, 
inasmuch as the temper of the heat in each furnace can be brought and 
maintained to exactly the same standard. -It would seem also to present 
the best solution yet devised for the difficulty experienced by the accu- 
mulation of the ends of Bessemer steel rails, inasmuch as these can be 
used in lieu of the puddled iron required by the process. It is possible, 
also, to use old rails in the same manner, and, indeed, any old scrap, but 
the resulting quality of the steel will, to a great extent, depend upon 
the quality of the old iron so used. 

A visit to the works of Messrs. F. F. Yerdie & Co., at Firminy, 
showed, in confirmation of facts gathered from other sources, that the 
steel manufeicture of France, instead of being in the advanced degree of 
perfection, often supposed in our country, has been but very moderately 
successful. These works were established for the manufacture of cruci- 
ble steel and forgings on a rather large scale, but to-day the production 
of steel by this process has been entirely abandoned, and with the excep- 
tion of some puddling, all the steel now made is by the Martin process, 
for which three furnaces are now in operation and others in course ol 
erection. The same thing appears to be true at other works, and it is 
quite certain that no considerable amount of good cast steel is produced 
in France. , 

In order to enable a comparison to be instituted between a first-class 
Swedish iron and Bessemer steel, containing various degrees of carbon, 
I annex (Appendix D) the tabulated results of a series of experiments 
made by David Kirkaldy, at his well-known testing and experimenting 
works in London upon 11 bars of billet iron jfrom the Degerfors iron 
works in Sweden, and 12 hammered bars of Fagersta Bessemer steel ol 
various degrees of hardness, resulting from different percentages of 
r<! carbon, which are indicated by the stamp on the bars; that is to say, 
^ 0.3 means three-tenths of one per cent, of carbon, 1.2 means one per cent. 
tl and two-tenths, and in like manner for intermediate stamps. 
n< 
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WORKS FOR THE PRODUCTION OF IRON AND STEEL. 

The description of the large mass of steel and iron exhibited in the 
Exposition has led, incidentally, to an account of the magnitude of the 
iron works of Krupp. But this report would fail to give an adequate 
idea of the magnificent scale upon which the metallurgic industry of 
Europe is conducted at the present day, if reference should not be made 
to other establishments in other countries. In France the most exten- 
sive works are those of Le Creusot, near the centre of the empire, which 
is Cvspecially commended in the report of the jury of recompense for 
organizations which best develop a good understanding between masters 
and workmen, and secure the material, moral and intellectual welfare of 
the operatives. 

In 1845 the product of Le Creusot was about 60,000 tons of coal and 
4,000 tons of iron. At the present time the production is 250,000 tons 
of coal and 130,000 tons of cast iron and 110,000 tons of wrought-iron. 
The works cover an area of 300 acres, of which more than 50 acres are in 
buildings, in which mechanical operations are carried on. The coal is i 
mined in the immediate vicinity, and the quantity of ore which the region 
now furnishes is stated to be 300,000 tons per annum, but my impression 
is that this includes a large quantity brought from Algiers and Elba, i 
There are 15 blast furnaces of large dimensions, fed by 160 coke ovens, i 
and using the blast of seven blowing machines of 1,350 horse power, and 
10 other engines for other purposes. The forge contains 150 puddling i 
furnaces,, 85 heating furnaces, 41 separate trains of rolls, 30 hammers, ! 
85 steam engines of 6,500 horse power in the aggregate. This mill is all : 
under oiw. uniform roof, made of iron, and is about 1,400 feet in length, 
and is altogether in appearance and construction the most complete 
rolling mill in existence. And it is a remarkable evidence of the intelli- 
gence and courage of Messrs. Schneider & Co., the proprietors, that 
within the last few years they have deliberately abandoned their old 
works and machinery, and erected an entirely new establishment, in 
order to avail themselves of all the modem improvements in machinery 
and process. The machine shops require engines of 700 horse power for 
their operation, and contain 26 hammers and 650 working tools. The 
total number of workmen employed is 9,950, being, by a remarkable 
coincidence, the precise number of horse power represented by the steam 
engines in the works ; that is to say, each man employs a mJtchine power 
of one horse in addition to his own labor, showing the wonderful exten- 
sion of human power which in our day has been realized out of the steam 
engine. 45 miles of railway, 15 locomotives, and 500 cars are required 
for the local operation of the works, and the enormous quantity ol ; 
1,400,000 tons of traffic is annually moved at the central depot of Le ( 
Creusot. All parts of the works are in communication by telegraphic ^ 
wire. The total value of the productions is now about $7,000,000 per ^ 
annum in gold. ^ 
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On the whole these works may be regarded as the best model offered 
by Europe for the study of the iron business as it is, and they are not 
only an honor to the proprietors, but one of the chief glories of France. 

The works of Petin, Gaudet & Co., are distributed among several 
establishments, which in the aggregate employ 5,200 men and a steam 
power of 6,000 horses. The annual production is about 50,000 tons of 
ion and steel, of the value of $7,000,000 in gold. 

There are several other establishments in France which approach very 
nearly to these large proportions, and considering the disadvantages in 
point of fuel and ore under which the business is carried on, as compared 
with Belgium and England, the present development of the iron indus- 
try of France, amounting to an annual product of 1,200,000 tons of pig 
iron and about 800,000 tons of wrought iron, is one of the most striking 
features of the industrial progress of France during the present century. 

In Belgium the iron industry has made remarkably rapid strides, the 
production of pig iron having advanced from 134,563 tons, in 1845, to 
449,875 tons, in 1864, and there are many establishments in Belgium 
organized on a scale comparable to the best works in other countries. 
That of Cockerill at Seraing, in which the government is directly inter- 
ested, produces 50,000 tons of pig iron, 26,000 tons of bars, and 5,000 tons 
of steel annually, consuming 80,000 tons of coke and 146,000 tons of ore, 
and mining 260,000 tons of coal. 

In Prussia, the works of Krupp have already been referred to, and there 
are many other extensive establishments organized upon the best prin- 
ciples of modern construction. 

The Phoenix works near Euhrort, for example, produced during the 
last year over 50,000 tons of pig iron, and 40,000 tons of wrought iron, 
with 11 blast furnaces and the corresponding number of puddling furnaces. 
The total production of iron ore in Prussia, for the year ending 1865, was 
over 1,700,000 tons, which represents a production of iron of about 770,000 
tons. 

In England there are many works approaching in capacity to Le Creu- 
8ot, among which may be enumerated the Dowlais and Ebbw Yale in 
South Wales, those of Bolckow, Yaughan & Co., in the Cleveland region, 
and of the Barrow Hematite Iron and Steel Company at Barrow-in-Fur- 
ness, and of John Brown & Co., at Sheflield. A production of 2,000 tons 
per week is achieved in each of these vast establishments. Large towns 
are required to house the workmen and their families; hundreds of miles 
of rails and thousands of cars are appropriated to their special use. The 
haman mind is lost in wonder at the combination of material and intel- 
lectual elements required for the organization and conduct of such gigantic 
operations, and standing in the presence of tools which seem formed to 
«hape the universe, and of an artificial power which, in the aggregate, is 
too vast for any other estimate than by comparison with the force which 
flioves the earth in its orbit, the triumph of man over matter is realized 
to an extent making it possible to comprehend in some degree the omnipo- 
tence of Deity himself. 
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One striking consequence of the vast size which has been given to par- 
ticular works is their general transfer from individual ownership to that 
of stock companies; and although this transfer is not considered favora^ 
ble to the economy of manufacture, the saving produced by production 
on so large a scale would seem to counterbalance the advantages in point 
of cost which are connected with individual ownershij). Nor is this 
feature of association of ownership peculiar to any one country, but may 
be said to be the general rule in all. In England, owing probably to the 
business being overdone, none of these companies can be said to have 
achieved a pecuniary success, and the shares of all of them are at a con- 
siderable discount. This fact, producing profound dissatisfaction on the 
part of the owners, coupled with the feeling of restlessness and discontent 
with their wages among the workmen, has paved the way for the consid- 
eration and discussion of the problem, whether in these large establish- 
ments the true relations between capital and labor have been established, > 
and in what way they may be placed upon a sounder basis, avoiding the ^ 
ever-recurring contention between masters and men, which culminatesin^ 
strikes injurious alike to both classes. The question has already stepped i 
beyond the limits of private discussion, and governmental commissions « 
are now investigating both in France and in England the facts and the^ 
principles upon which the organization of labor rests at this day,, the* 
points in which there is a collision between it and capital, the wrongs, if ^ 
any, upon either side; with a view to such legislation as may render thei 
march of industry regular, and profitable to all concerned. In some estab-fi 
lishments engaged in the mining of coal and other branches of industry, v 
outside of the iron business, the system of co-operation, as it is termed, i 
has been introduced, with manifest advantage. But in all these casest 
the business is a profitable one, and has never yet been subjected to the 
strain which will attack the system when it is forced to deal with losses 
instead of profits. The general plan adopted in these co-operative estab- 
lishments, such as Crossley's great carpet factory in England, is to reservi^ 
to the capital a fixed rate of interest, as high in some cases as 15 per 
cent, per annum ; next to pay to the workmen a fixed rate of wages, being 
usually those which were in force at the time of the introduction of co-oper- 
ation into the works, and to divide the surplus, if any, between capital 
and labor, on such terms as may be agreed upon, but usually in propocr 
tion to the amount of each employed during the year. There is a wid^ 
difference of opinion as to the practicability of introducing this systeoi 
into the iron business, and there is a fear that it would not stand the tri^ 
to which it would be subjected in the long periods of depression to whictJ 
the iron trade has hitherto been invariably subjected, and from whi(5fl 
the co-operative system would not relieve it, because there would stiUt^ 
the same competition between the several co-operative associations, ac^^ 
the several nations, as now exists. Under the present system the capitis 
is the first to lose its profits, and then comes the reduction in the waff^ 
of labor. Under the new system the reduction would fall first upon laho^ 
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or in strict equity there would be the same percentage of reduction upon 
the earnings of capital and labor. It is feared that the laborer would not 
look with content upon any reward to capital under such circumstances, 
and that the old warfare between the two would thus be renewed. 

On the other hand, it is believed that by the obvious harmony thus 
established between the interests of capital and labor, the latter would 
be led to see that the co-operation of the former is indispensable for the 
payment of wages at all, and that any attack upon capital or any dimi- 
nution of its quantity would be a direct attack upon labor, by depri\ing 
it of the fund out of which it is paid, and that the conservation of capital 
?onld thus become so apparent as the highest interest of the laboring 
elass that strikes would cease, and even in bad times, from the steady 
employment thus insured, the labor would be better paid than under the 
present intermittent system. It is urged, moreover, that the personal 
interest thus excited in the workman would lead to greater economy in 
the manufacture, and bring down all waste to the minimum, and that 
it would be i)ossible to establish such intelligent relations among the 
owners and workmen of the several co-operative establishments, that 
over-production woidd be checked by common consent, in time to pre- 
vent the serious losses to which it now subjects the industry of the world. 
It is quite certain that this latter end is achieved in an imperfect degree 
even in present practice. In Scotland the number of furnaces in bla^t 
during the present year has been very considerably reduced, with a cor- 
responding reduction in the enormous stock of iron which had weighed 
down the prices below the cost of production. In France, by a resolution 
of the Ironmasters' Association, a reduction of six per cent, was inaugu- 
rated in the early part of the present year, and there is a general recog- 
nition of the necessity and wisdom of this course in times of over- 
production among the iron-masters of Europe. And it is imi)ossible to 
aee that there would be less discretion exercised, or a less prompt remedy 
apphed, if the workmen had such a direct relation to the business as to 
liable them to feel that it would be better to work less days at the old 
rate of wages, than more days at a reduced rate, producing precisely the 
same pecuniary residt. 

No intelligent observer can fail to remark the universal cry which comes 
up jfrom the laboring classes in all parts of Europe for the reorganization 
»f the relations of capital and labor. In England it has shown itself in 
strikes long continued and in all branches of business, reducing the work- 
nien to beggary, and destroying the profits of capital to such an extent 
that, in a spirit of self-preservation, it takes flight where it can from the 
walks of industry, and remains unemployed rather than incur the risks 
*ad the anxiety of its uses in active business. In France, where, as will 
te hereafter seen, the organization of a strike is full of difficulties, the 
iin *^® longing manifests itself, not merely in the organization of minor 
^(j C(H)perative associations for the supply of the necessaries of life, the 
l^i erection of houses, and the production of goods, but in a literature which 
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seeks to analyze the social phases of industrial life and develop some 
better system for its reorganization. In the course of this almost micro- 
scopic examination of the social relations, property has been pronounced 
to be robbery, communism has been advocated as the remedy for all the 
social evils, and the autonomy of the individual lost sight of in the 
attempt to promote the welfare of mankind. 

In Germany, on the other hand, under the practical guidance of Schultze 
Delitch, there have been established, up to the year 1865, 180 associa- 
tions, with about 10,000 members, for the supply at wholesale prices of 
the raw material irequired by the members of the association in their 
several trades. These associations consist principally of shoemakers, 
carpenters, and tailors, and their business amounts to about 2,000,000 
thalers^ annually. There were fifty "magazine" unions, comprising 
about 1,000 members, and doing a business of about 500,000 thalers annu- 
ally, having for their object the sale of goods produced by the members ; 
of the association in a common store. There were also 26 co-operative ? 
associations for the production and sale of finished wares on common y 
account, some of which appear to have been successful, while others have -^ 
failed to realize the expectation of the members ; and as this is the only .^ 
feature of the Schultze Delitch system which has not proved successful, ir 
it is well to note that all the associations were organized independently ^ 
of any existing business or capital employed in its conduct. They pro- 5; 
ceed upon the basis of disassociation from capital, as such, in the man- ,, 
agement of the business, and although the founder still expects to achieve ^ 
successful results with associations formed on this basis, it would seem ^ 
to be too wide a departure from the experience of mankind in all times r-^ 
to dispense with the watchftilness and patient scrutiny with which capi- 5 
tal guards itself from destruction. Of co-operative stores there were, in ^ 
1865, 157. These are said to have been of slow gi»owth at first, but are ^ 
now rapidly extending. But the great success of Schultze Delitch has j. 
been in the organization of his credit and loan associations, of which, in ^ 
1865, there were 1,300 in existence, with more than 300,000 members. ,, 
These " credit banks,'' as they are commonly called, are formed by the ^ 
workmen themselves, who are supposed to be without any capital of their 
own. The capital of the bank is procured by the subscriptions of the ^ 
members, payable in instalments, and by loans contracted on the credit , 
of the association. Of course the share capital can only be slowly accu-* - 
mulated, but experience has shown that loans made to the association 
are quite safe, because each member is absolutely liable for all the debts, 
and the funds of the bank are only loaned to its own members, within 
limits restricted by the nature of the business to be carried on by the 
borrower, and after a rigid scrutiny of his character. The cardinal rule 
in the conduct of these banks is to take the minimum of risk and the 
maximum of responsibility. This report is not the proper place to enter 
into the history and details of management in these credit banks, but in. 



Each about 75 cents in gold. 



IRON AND STEEL. 41 

order to show the progress of the co-operative movement in Europe, I 
append a brief statement of the business of 498 of these banks, whoso 
statistics hapi)en to be accessible. Theser banks had 169,595 members, 
and the total amount of money advanced to them during the year 1865 
was 67,569,903 thalers, or, in round numbers, $50,000,000 in gold. Th^ 
total income of these banks, mostly, of course, in interest paid by bor- 
rowers, was 1,401,896 thalers, of which 699,558 thalers was paid for 
interest by the banks on money which they had borrowed, and 316,403 
thalers was absorbed by the expenses of management. The total losses 
were 20,566 thalers, and the net profits were 371,735 thalers. The share 
capital accumulated by these banks amounted to 4,442,879 thalers, the 
borrowed capital amounted to 11,154,579 thalers, and the savings depos- 
its of the members amounted to 6,502,179 thalers, and a reserve fund of 
409,679 thalers had been accumulated to meet losses. When it is remem- 
bered that these banks were started by workmen without any capital, 
and it is observed that the accumulations of capital, deposits, and reserve 
funds exceed 11,000,000 thalers, or $8,000,000 in gold, the beneficent 
operation of the principle upon which they are foimded will be appre- 
ciated, and some conception may be formed of the wonderful economy 
which will be introduced into the industry of the world when it becomes 
the interest of each man not only to produce the best possible result from 
his own labor, but to see that his fellow- workman does the same thing. 
In such a reorganization of industry the eye of the owner will be literally 
everywhere, and the loss either of time or of material will become almost 
unpossible. This topic of co-oi)eration is introduced here because in the 
Exposition there were constant evidences not merely of its importance, 
but of its becoming the leading social question of our day and genera- 
tion. A special prize was constituted in favor " of persons, establish- 
ments, or localities which, by an organization of special institutions, have 
developed a spirit of good feeling between those who co-operate together 
m the same labors and have secured the material, moral, and intellectual 
welfare of the workmen.^ Although Schultze Delitch was not an exhib- 
itor, and no application for this prize was made on his behalf, and the 
special jury who had this order of recompense in charge lost the great 
opportunity of making themselves illustrious by voluntarily recognizing 
the greatest benefactor of the human race in our day, the labors of 
Schultze Delitch and the success which has attended his system, based 
as it is upon a profound knowledge of human nature, and the laws of 
social science, will survive the memory of the Exposition, and erect this 
monument in the reorganized structure of modern society. 
In the United States, strange to say, we lack the legislation, either 
lI<I national or State, which makes i* possible to introduce the co-operative 
hel system in any of the forms which the experience of Europe has shown 
reil to be practicable. In most of the States it is true that there are general 
iii| laws of incorporation, but these do not meet the case in which a pro- 
prietor wishes to divide the profits with his workmen without making 
them partners, or giving them a voice in the management of the busi- 
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ness. It is a subject which demands immediate attention, if it is expected 
to prosecute the iron business, or any other branch of industry, without 
the perpetual recurrence of strikes; and in order that the experience of 
older nations may be availed of, I have added to this report in an appen- 
dix (E) a transcript of the Prussian, French and English laws on this 

subject. 

PEODUCTIOK OF lEON. 

Originally the geographical position of the ore, and the natural avenues 
of transportation, determined the establishment of iron works, when the 
fael employed was wood, which was to be found everywhere. But the 
demands of modem civilization soon outran the narrow bounds imposed 
by the supply of charcoal, and in our day the controlling element in the 
production of iron is the possession of mineral coal. And, throwing out 
of consideration the moderate quantity of iron still produced by charcoal, 
the iron business in Europe is found to be developed substantially in 
proportion to the quantity of coal possessed by the respective countries. 
A glance at the geological map of the world shows that within the limits 
of temperature favorable to active industry, the deposits of coal are 
widely distributed throughout Great Britain and the United States. In 
France there is but a limited area, and of irregular formation. In Bel- 
gium there is a larger coal field, but in veins of very moderate size. In 
Prussia, in the neighborhood of the Ehine, there is a small but valuable 
deposit of coal, while in Eussia there is a considerable carboniferous area, 
the ultimate value of which is not yet well determined. The productive 
powers of these several coal fields are now pressed to limits approaching 
very nearly, if not quite to their ultimate capacity. In Great Britain the 
production in 1866 reached 101,630,500 tons; in France, between 11,000,000 
and 12,000,000 tons; in Belgium more than 12,000,000 tons; and in Prus- 
sia, in 1865, 18,000,000 tons were produced. 

The statistics procured at the Exposition have enabled me to construct 
the following table of the production of iron in the world in 1866, and 
there is every reason to believe that the figures given are substantially 
correct, as estimates were resorted to in only one or two cases, and those 
based upon former offtcial returns : 
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Allowing for the production in barbarous countries, and something for 
the use of scrap iron, it may be stated in round numbers that the pro- 
duction, and consequently the consumption of the world has reached 
9,500,000 tons of 2,240 pounds each, or 21,280 millions of pounds; so that 
if the population of the world has reached 1,000 millions, the consump- 
tion is a little over 20 pounds of iron pev head. A careftd calculation, 
after allowing for the iron exported, shows that the consumption per 
head in England is 180 pounds of iron. The consumption in Belgium has 
reached about the same limits. The consumption in France is 69 J pounds 
per head, and in the United States not far from 100 pounds per head. 
If the industry of the whole world were as thoroughly developed as in 
Great Britain, the consumption of iron would reach nearly 90,000,000 
tons per annum. If brought to the standard of the United States, a little 
less than 50,000,000 tons per annum would answer; or if to that of France, 
a little over 30,000,000 tons would be required; figures to be increased 
fiirther by the steady increase of population in the world. 

It will be interesting, therefore, to inquire into the sources of future 
supply possessed by the nations upon whom this great demand must come. 

Sweden possesses exhaustless supplies of the very richest and best 
kinds of primitive ore, but she has no coal, and a heavy expense for 
transportation must be incurred in bringing coal and ore together, and, 
as a general rule, it is found more economical to transport the ore to the 
coal than the coal to the ore. The limits of the manufacture of iron by 
wood have long since been reached, aiid hence Sweden can only be looked 
to as a source of supply of ore to other countries possessing mineral ftiel 
when their iron mines are too heavily drawn upon. 

In Eussia, also abounding in immeasurable supplies of ore, there is -a 
possibility, but not much probability, that mineral coal may be developed 
to an extent sufficient for its own supply of iron. The production of 
charcoal iron is also capable of some, but not of indefinite extension. 

The same remark applies to Austria and the states of the ZoUverein. 
In Italy there is no coal, and hence its rich ores are in the same category 
as those in Sweden, only far less abundant. Algiers abounds in ore, 
which has to be transported to the coal. Spain is rich in ore, and has a 
carboniferous formation on its northern borders, but no attempts have 
been made to render it available for the production of iron. In France 
the present manufacture of iron is only maintained by the aid of the 
importation of coal to the extent of over 7^000,000 tons, and of 495,000 
tons of iron ore in 1867. 

In Belgium, the size of the coal-field, the vertical character of the 
veins, and their small thicknesss, render it impossible that there should 
be any very considerable extenston of the business, at least if the sup- 
ply is to endure for any protracted period. Already it is estimated that 
Belgium produces as much coal as France, two-thirds as much as Prussia, 
and one-eighth that of Great Britain, out of a coal-field only ninety-seven 
nules in length, and twelve miles in breadth at its widest point, and in 
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veins of from thirty inches to three feet thick. Belgium is akeady an 
importer of' ore, and although it is quite evident that it will be the seat 
of a vigorous and possibly increasing metal industry for years to come, 
it has no resources adequate for serious competition in the supply of the 
greatly increased quantities which the world will yet require. 

Prussia has a somewhat larger supply of coal than Belgium, and is 
remarkably rich in quantity and quality of her iron ores, but it is scarcely 
possible that in the future she can do more than supply her own wants. 
Upon England, then, so far as Europe is concerned, still rests the great 
burden of supplying the world with iron, if the supply is to come from 
Europe at all. It has been seen that already nearly one-half the total 
consummation of the world comes from within her borders. In 1866 she 
was able to furnish 9,665,013 tons of iron ore, and only imported 56,689 
tons. 

A careful survey of the sources from which her ore is derived leads to 
the conclusion that in Wales the local supply is not adequate to the 
present consumption, and large quantities are transported thither fi*om 
other parts of the kingdom. The natural limits of production have 
therefore been reached in Wales, although there will probably be a still 
further extension of the business in that region either with domestic or 
foreign ores, in consequence of the possession of enormous supplies of 
admirable coal available for the furnace without coking. The Stafford- 
shire region, by common consent, has reached its culminating point ; and 
a careful consideration of the local supply of carbonaceous ore in Scot- 
land would seem to indicate that not much extension of the business is 
possible in that region, except at much higher prices than now prevail. 
The main reliance in Scotland has heretofore been upon its blackband 
iron ore, " and the development of its iron trade has been co-extensive 
with the exploration of that famous mineral, furnaces following every- 
where in the wake of its discovery. The clay bands are in such small 
seams, and of such irregular character, that the business would soon 
languish and be greatly reduced if dependent upon them alone. The 
thickest and best seam of blackband, commonly called the ^Airdrie,' is 
now substantially exhausted, and the reliance is on seams of no greater 
thickness than eight inches. Blackbands are notoriously irregular, and 
are not found uniform in thickness ; for example, the Airdrie blackband 
occupies but a small portion of the space allotted to it in the Lanark- 
shire coal-fleld. A more notable example of caprice of blackband is to 
be found in the slaty band, which occurs occasionally in patches of 
irregular thickness, sometimes six inches and sometimes six feet in thick- 
ness ; but there is always something to mark its position, either a coal 
or iron stone. Indeed, all the iron stones in aU portions of the coal- 
field are erratic. They are persistent throughout in no field, yet it is a 
singular fact that we have in all the fields blackband iron stone." This 
extract from a paper of Ealph Moore, a government mining inspector in 
Scotland, is made for the double purpose of showing how impossible it 
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is that there should be any considerable increase in the annual ])roduct 
of Scotch iron unless foreign ores are brought to utilize the unlimited 
supplies of admirable coal which exist in that country ; but with the 
ftirther object of giving some information, which may be of use in the 
development of the blackband iron ore which has been recently dis- 
covered in Schuylkill county, in Pennsylvania, the value of which to the 
country can hardly be exaggerated, if it should prove to be in quantity 
and quality equal to its British prototype. An analysis of the best 
Scotch ore* is here annexed — ^rather out of place, but too valuable as a 
^lide to be dispensed with : 



Protoxide of iron 
Peroxide of iron. 

Lime 

Uagnetjtia 

Alumina 

Saica 

Organic matter. . 

MoiBtare 

Carbonic acid 

IroD, per cent.... 
Specific gravity . 



Raw. 



49.82 



1.67 
2.33 
1.52 
2.40 
7.60 
0.32 
34^34 



Roasted. 



27.10 
60.1 
2.7 
3.8 
2.4 
3.9 



100.00 



ICO. 00 



38.75 
2.857 



63.1 



There still remains upon the east coast of England the great Cleve- 
land region, and upon its west coast the Cumberland or red hematite 
region. The latter is now yielding about 1,400,000 tons of ore per 
annum, taken from beds of irregular shape and formation, in or adjacent 
to the limestone. There are certainly no signs of exhaustion yet appa- 
rent in this wonderftQ district, but all analogy leads us to doubt the per- 
manency of these irregular beds, formed in pockets in the rocks, without 
any regular walls to indicate their continuity. Besides, the extremely 
good quality of this ore and the value of the iron which it produces will 
always restrict its use to those better purposes for which a high price is 
paid, and naturally withdraws those mines from any competition in the 
sapply of the great mass of iron requiied by the world for ordinary pur- 
poses. IN'ot so, however, with the Cleveland region, where the ores exist 
in beds of from eight feet to fifteen feet in thickness, in the lias or oolitic 
formation, extending over a tract of country forty miles in length and 
fifteen miles in width. This ore is lean and the quality of the iron 
inferior, but by the application of a high order of skill, a quality is pro- 
dnced sufficiently good for the ordinary purposes of commerce, and at a 
cost below that of any other locality in the world. The consequence has 
been that, since the erection of the first blast furnace in 1850, 125 fiu*- 
naces have been erected, and fourteen more are now in process of erec- 
tion; twenty-seven rolling mills, and a large number of foundries and 
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iron shiivbuilding yards are in oi)eration, and cities have grown up with 
a rapidity and to a size that would strike even a western pioneer with 
surprise. The present production exceeds a million of tons per annum, 
and it is difficult indeed to assign any limits to its future growth. 

But there is one limitation which applies to the whole question of the 
production of British iron, and that is, her ability to supply coal on the 
scale of consumption already beyond 100,000,000 tons per annum. This 
question has received the serious attention of the British Association for 
the Advancement of Science, and Mr. Gladstone, by one of those happy 
ellipses characteristic of men of genius, has coupled the extinction of 
the national debt with the exhaustion of the supplies of fuel, evidently 
acting under the idea that an honest man ought to pay his debts while 
his capital lasts. It is presumed, however, that there is still margin 
enough for the addition of the "Alabama claims" to the sum total of 
indebtedness, without seriously interfering with the means of payment 
which the coal-fields afford. 

So far as the production of iron is concerned, and so long, at least, as 
any human being now in existence may have an interest in the question, 
I see no good reason to doubt why England should not maintain her 
position, as the source from which one-half the required amount will be 
obtained ; but beyond this I do not think that she can or will go, from 
the intrinsic difficulties of producing the required supply of materials 
and labor, without an enormous increase of cost. There will, therefore, 
remain a very large deficiency, which must be supplied from some other 
source, and that source can only be the United States of America, for 
in no other quarter of the globe are the supplies of ore and coal suffi- 
ciently large, or so related to each other geographically, as to admit of 
its production, not merely within reasonable limits of cost, but on any 
terms whatever. 

The position of the coal measures of the United States suggests the 
idea of a gigantic bowl filled with treasure, the outer rim of which skirts 
along the Atlantic to the Gulf of Mexico, and thence returning by the 
plains which lie at the eastern base of the Eocky mountains, passes by the 
great lakes to the place of beginning, on the borders of Pennsylvania and 
Kew York. The rim of this basin is filled with exhaustless stores of ircm 
ore of every variety, and of the best quality. In seeking the natural 
channels of water communication, whether on the north, east, south or 
west, the coal must cut this metalliferous rim, and, in its turn, the iron 
ores may be carried back to the coal, to be used in conjunction with the 
carboniferous ores, which are quite as abundant in the United States as 
they are in England, but hitherto have been left unwrought, in conse- 
quence of the cheaper rate of procuring the richer ores from the rim of 
the basin. Along the Atlantic slope, in the highland range from the 
borders of the Hudson river to the State of Georgia, a distance of 1,000 
miles, is found the great magnetic range, traversing seven entire States 
in its length and course. Parallel with this, in the great limestone 
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valley which lies along the margin of the coal field, are the brown hema- 
tites, in such quantities at some points, especially in Virginia, Tennessee, 
and Alabama, as fairly to stagger the imagination. And, finally, in the 
coalba^inis a stratum of redfossiliferous ore, beginning in a comparatively 
thin seam in the State of New York, and terminating in the State of 
Alabama, in a bed of 15 feet in thickness, over which the horseman may 
ride for more than 100 miles. Beneath this bed, but still above water 
level, are to be foimd the coal seams, exposed upon moimtain sides, whose 
flanks are covered with magnificent timber, available either for mining 
purposes or the manufacture of charcoal iron. Passing westward, in 
Arkansas and Missouri, is reached that wonderful range of red oxide of 
iron, which, in mountains rising himdreds of feet above the surface, or in 
beds beneath the soil, culminates at Lake Superior in deposits of ore 
which excite the wonder of all beholders; and returning thence to the 
Atlantic slope, in the Adirondacks of New York, is a vast undeveloped 
region, watered by rivers whose beds are of iron, and traversed by 
momitains whose foundations are laid upon the same material; while in 
and among the coal beds themselves are found scattered deposits of 
hematite and fossiliferous ores, which, by their proximity to the coal, 
have inaugurated the iron industry of our day. Upon these vast treas- 
ures the world may draw its supply for centuries to come, and with these 
the inquirer may rest contented, without further question, for all the coal 
of the rest of the world might be deposited within this iron rim, and its 
square miles would not occupy one-quarter of the coal area of the United 
States. 

With such vast possessions of raw material, we are naturally brought 
to the consideration of the elements which enter into the cost of produc- 
ing iron in the United States, as compared with the other iron-producing 
countries of the world. And first, the distinction must be drawn between 
the cost determined by the quantity of labor expended in the production 
of a ton of iron, and the cost in money as determined by the price paid 
for the labor. The former is the absolute and natural cost, and is the 
only just standard of comparison between nations, if national wealth is 
defined to be the amount of capital in existence, plus the amount of labor 
available for production. The other is the artificial or accidental cost, 
of which, indeed, we may take advantage in our buying or selling, but 
forming no just standard of comparison in estimating the relative cost of 
production in different countries. There is a difference, familiar to all in 
the United States, between the cost of articles measured by gold or by 
currency, which makes it, for the time, easy to understand the difference 
in cost measured by money or by day's labor. 

England, having the largest and most accessible stores of coal and iron 
ore, can produce a ton of iron with less labor than any other European 
nation; and hence it will be most i)rofitable to institute the comparison 
of cost measured by labor, first, with Great Britain. In the Cleveland 
region, which is most favorably situated for the cheap production of iron. 
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the cost of producing a ton of pig iron is about 40 shillings, which, at 
the average rate of wages paid around the blast furnace, is equivalent to 
11 days' labor — that is to say, the labor of 11 men for one day. It is pos- 
sible that in one or two works this may be reduced to 10 days, but in 
others it rises to 12 or 13. In the United States, the cheapest region fos 
the manufacture of pig iron, as yet extensively developed, is on tlie 
Lehigh river, in the State of Pennsylvania, where, taking coal and ore aC 
their actual cost of mining, pig iron is produced at an average cost al 
$24 i)er ton, which represents, at the present rate of wages, the labor ol 
about 13 days. But when the iron business is established along the greai 
valley which extends from Virginia to Alabama, the labor of bringing 
the coal and ore together will be considerably less than on the Lehigl 
river, and it is safe to say that there iron can be made in any requirec 
quantity, when the avenues of communication are sufSciently opened 
with as little labor, to say the least, as it can be produced in the Cleve- 
land region. In France, Belgium, and Prussia, each now requiring 
larger exjienditure of human labor to produce a ton of iron than 
required in England, there are no such possibilities of reduction, becai 
every year* their ore is becoming more expensive, and the cost of minii 
coal will increase more rapidly than in England, in consequence of tl 
size and character of the veins. Hence follows the deduction that, 
France, Belgium, and Germany, are to compete with England in thf 
open markets of the world, the competition can only be maintained bys 
the payment to labor of a lower rate of wages; or, to state it in anotheii 
form, the greater the natural advantages possessed by a country for tM 
production of iron, the larger will be the rate of wages paid to the work* 
man; and this is found to be verified by existing facts. ^ 

From the statement published by Schneider & Co., at Le Creusot, ifi 
appears that the average rate of wages paid in 1866 was as follows: 

Franc» 

Ore miners 3.3£ 

Coal miners 3.2C 

Blast furnaces 2.ME 

EolUng mill 3.83 

Machine shops 3.4^ 

Miscellaneous 3.0*3 

And the average price paid for the whole of the 10,000 workmen employee 
at this great establishment was 3.45 francs per day. 

Unfortunately the rates paid for the specific branches of work are no 
specified, but at the iron works at Sireuil this information has been pro 
cured in detail: 

Francs per df»> 

Common laborers 2.50 

Puddlers 8.00 

Puddlers' helpers 2.50 

Puddle, rollers : 5.00 
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Franca per day. 

ers 5.00 

s 7.00 

•s' helpers 2.50 

Ing rollers 6to7 

lists , . 3 to 3.50 

miths 

3 5.00 

onth Staffordshire, in 1866, the foUowing rates were paid, as shown 
official returns published by the government : 

Per day. 

3n laborers 2«. 6^. to 3«. Od. 

TS 7 6 to 7 10 

irs' helpers 2 6 to 2 11 

5 rollers 9 

s 7 

•s' helpers 3 6 

Lng rollers 11 

ers , 9 to 15 

lists 4 to 16 

miths 4 to 5 

s 7 6 to 8 6 

>mparison of these two tables will show that, for every franc paid 
nee, there is more than a shilling paid in England, and this cor- 
ds with the general statement made by M. Schneider to me at 
5usot. Assuming a little more than a shilling to the franc, 3«. 6d. 
Y would appear to be the average rate of wages, paid in England 
or in iron works of all kinds, skilled and unskilled, and in no part 
jland does it exceed 4«. 

Belgium, according to Creed & Williams, in the coal mines the 
ing wages are paid : 

Per day. 

on laborers Is, 6d, to 28, 6d. 

rs of coal 2 6 to 2 11 

cutters 2 6 to 2 11 

or tree setters 3 1 to 5 

s 2 11 to 4 2 

itional men 5 to 6 

• 

At the blast furnaces : 

s 1 1 to 2 1 

Uers 1 4 to 1' 8 

ion laborers 1 5 to 1 8 

xje keepers 2 1 to 2 11 

In the rolling mill : 

ers 4 2 to 5 

rs 2 3 to 3 1 

4is 
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Per day. }i 

EoUers 4«. 2d. to 5«. lOd. . j 

Helpers 3 4 to 4 2 ,| 

Shearers 1 10 to 2 6 . ^ 

Common laborers 1 5 to2 1 ^^ 

A comparison of these tables shows that th6 rate of wages is higher itt*il 
Great Britain than in Belgium, and in France, being certainly in the iii 
order, and probably nearly in the ratio, of the natural advantages of lit 
these countries for the production of iron ; and this view is confirmed by ii 
the selling price of iron in the respective countries, at the present time, ni 
when it is admitted on all hands that there is no profit to the maker. iji 

The price of merchant bar-iron, at the works — ■" 

In England, is £6 10 per ton. 

In France 8 (200 francs) per ton* 

In Belgium 7 (175 francs) per ton. 

in 

The difference between the cost of French iron and Belgian and Eng- jj, 
lish, aside from cost of transportation, which is very light, is comi)en8ated ^ 
by the import duty, which, on iron from England and Belgium, amounts ^ 
to sixty francs per ton. Independently of this tariff^ which admits of a. ^^j 
considerable importation of iron into France, it would not be possible for jl 
the iron business to be continued on any considerable scale, for the reason^ 
as will be seen, that the wages are already at the lowest possible point ^ 
consistent with the maintenance of human life in a condition fit for labor; ., 
the average earnings of aU the workmen, skilled and unskilled, employed ^^ 
in an iron work being at the rate of 3.45 francs per day, or about 66 cents 
per day in gold; the great mass, however, of common labor receiving less . 
than 50 cents per day in gold. In order to estimate the purchasing power 
of this sum, it is necessary to give the prices of the principal articles 
required for the support of life, and for this purpose I have selected the 
department in which Le Creusot is situated, as the proper locality for 
comparison, with the rate of wages there paid: 

Wheat bread 0.25 francs per lb., equal to 5 cents in gold. 

Eye bread 0.20 francs per lb., equal to 4 cents in gold. 

Beef 0.65 francs per lb., equal to 13 cents in gold. 

Mutton 0.75 francs per lb., equal to 15 cents in gold. 

Yeal 0.75 francs per lb., equal to 15 cents in gold. 

Pork 0.75 francs per lb., equal to 15 cents in gold. 

Chickens 1.00 to 2.50 francs, equal to 20 to 50 cents in gold. 

Geese 3.00 francs, equal to 60 cents in gold. 

Bucks* 1.50 to 2.00 francs, equal to 30 to 40 cents in gold, > 

Butter 1.00 francs per lb., equal to 20 cents in gold. 

Dozen eggs 0.50 to 1.00 francs, equal to 10 to 20 cents in gold. 

Potatoes 0.50 francs per decalitre, equal to 40 cents per bushel 

Ordinary wine 0.40 francs per litre, equal to 5 cents per pint. 

Beer 0.25 francs per litre, equal to 3 cents per pint. 
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House rent is cheap; a small, ordinary, but comfortable house, with a 
garden, renting for $16 per year in gold. Clothes are also cheap, costing 
not more than half the price of similar articles in the United States; but 
fiiel is rather dearer on the average. It does not require any very exten- 
sive observation in order to verify the obvious conclusion deducible from 
ike above figures, that the general condition of the working classes in 
France, from a material point of view at least, is simply deplorable. It 
requires the utmost economy on the part of a laboring man, and the united 
labor of bis wife and his children, to keep his family in existence ; and it is 
Ihe accepted rule and practice for such a family to have meat but once a 
week; and any change in this condition of affairs, involving a change in 
the remuneration paid to the common laborer, would put it out of the 
power of the iron-masters of France to carry on their business, in compe- 
tition with Belgium and England, in the absence of a higher tariff on 
imiK>rts. The existence of the iron business in France, therefore, as a 
national branch of industry, may be said to rest upon the elementary con- 
dition of giving meat once a week only to the great mass of laborers who 
are engaged in its production. 

In Belgium, substantially the same state of affairs prevails. In the 
despatch of Lord Howard de Walden, the British minister at Brussels, 
to Lord Stanley, dated February 11, 1867, on the subject of Belgian indus- 
try, he says: "The characteristics of the Belgian workmen are steadiness 
and perseverance, combined with great intelligence in working after 
models; their habits are not so expensive as those of English artificers; 
their diet is more humble, they consuine less meat, and their bread is 
seldom purely wheaten or white in quality; rye, and the cheaper quality of 
wheat called 'epeautre,^ enter in great proportion into the composition of the 
loaf; beer and spirits are both lower in price than in England; they sel- 
dom use tea, and the chiccory root constitutes a very economical and 
wholesome substitute for coffee. ♦ ♦ ♦ ♦ The system of 
schools for infants from two to seven years, and from seven to twelve 
years, is very general, and affords great facilities — ^the children being 
cared for — ^to both their parents to occupy themselves in daily service, 
and by combined industry to ameliorate the condition of their family. In 
all these respects, therefore, the necessaries of life being the base of wages, 
the Belgian enjoys advantages over the British workman.'' 

From our American point of view, these " advantages over the British 
vorkman'' in dispensing with meat and tea, and in substituting chiccory 
for coffee, and in appropriating the labor of both parents for a mere exist- 
ence, are not so apparent. But we are naturally brought by it to con- 
sider the condition of the British laborer. 

It has been seen that the natural advantages of Great Britain, in the 
possession of its vast stores of coal, afford a fund for the payment of 
better wages to the laborer in England than on the continent, and the 
British workman has not been slow to assert his rights to all he can get, 
and his physical condition is undoubtedly superior to that of his French 
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and Belgian neighbors. If he is not better lodged, he is at least better 
fed, and in the iron works it is probable that the workmen generally get 
meat once a day. But, as a general rule, the labor of the women and 
children is required in order to eke out the subsistence of the family. In 
Wales women are extensively employed in the works, doing the labor for 
which a man would be required in America, and earning from ten pence 
to one shilling three pence per day, or rather less than half the wages 
that would be paid to a man for the same labor, which they perform 
equally well. In Staffordshire, and in the north of England, and in Scot- 
land, women and children are still extensively employed above ground 
about the mines, and around the coal heaps at the mouths of the pits, the 
substantial result of which is that the labor of the whole family is pro- 
cured for the sum which would be paid to its male head, if he alone 
labored for the support of the family, of course at a far lower cost in the 
resulting production of iron than would otherwise be possible. Restrain- 
ing laws have been enacted in England of late years in regard to women 
and children, limiting the number of hours during which they may be 
employed, and also providing that they shall not be employed during the 
night, except in certain specified cases. But if the women and children 
were altogether withdrawn from those occupations, as they are in the 
United States, it would not be possible to produce iron, except at a con- 
siderable advance on its present cost. 

Passing from the material to the intellectual condition of the workmen 
in France and England, the provision for the education of the children 
is upon a very limited scale indeed, and although there are creditable 
exceptions in particular localities, mainly due to the enlightened con- 
science of the proprietors, the great mass of the working classes out of 
the large cities are deplorably illiterate. In the department of Sadne et 
Loire, where the works of Le Creusot are situated, and where the most 
commendable efforts are being made by Messrs. Schneider & Co. to edu- 
cate the rising generation, it appears that 36.19 per cent, of those who 
were joined in marriage in 1866 could not write their names, and of the 
conscripts drawn for the army from the same department, in the same 
year, 24.51 per cent, were unable to read. And the same statistics show 
that, taken as a whole, in nearly two-thirds of France the number of those 
who cannot write their names on marriage is between the limits of thirty 
and seventy-five per cent, of the total number. This deplorable state of 
affairs has, of late, led to the establishment of schools for the instruction 
of adults, mostly voluntary, upon which there were in attendance during 
the present year 829,555 adults, of whom 747,002 were men and 82,553 
were women. Of 110,503 who could neither read nor write on entering 
the course in October, 1866, 87,211 had learned to read by the 1st of 
April, 1867; 12,632 instructors have given their services gratuitously, 
and the whole movement, and the statistics above given, prove both the 
depth of ignorance into which the working classes have been plunged, 
and their earnest desire to emerge from it. 
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Surprise may be expressed that in view of the inadequate reward for 
labor in France, there has not been a larger emigration to our own coun- 
try, where labor is so much better paid. The difficulties arising from the 
difference in language would of themselves be a great impediment to any 
extensive emigration movement; but there are impediments of another 
kind, not generally understood, which tend to prevent any relief to the 
laboring classes from this source. The law of " livret," as it is called, is 
peculiar to France. By its terms every workman is compelled to obtain 
from the police a kind of pass-book or register, in which his name, age, 
and occupation are inserted, and which he must show to an employer 
before being taken into his service, and no employer is permitted to 
receive into his works any workmen upon whose "livret" is not indorsed 
a full discharge from his previous employer. Provision is also made for 
the indorsement upon the livret of any indebtedness which may be due 
from the workman to the employer, and his debt therefore follows the 
workman as a mortgage upon his labor from place to place. Although 
in express terms there is nothing in the law which would warrant the 
employer in withholding an indorsement on the livret, yet in practice it is a 
restraint on his freedom of action to such an extent that workmen employed 
in the large works usually remain there permanently, so that there is but 
little change, and no opportunity whatever for practical combination in 
strikes and turnouts. The whole of this system is so peculiar, and throws 
80 much light upon the power it gives to produce iron at a cost which 
would not be possible if the workman were a free agent, that I have 
deemed it best to annex to this report in an appendix (G) a translation 
of a circular which was obtained from the prefecture of police. 

The nioria.1 condition of men is so dependent upon their physical and 
mental status that it is probably unnecessary for me to enlarge upon the 
obvious conclusions that might be inferred from the facts above recorded ; 
but the conviction in my own mind was so profound, after a very careful 
survey of the whole field, that I deemed it my duty to accept an invita- 
tion to testify before the Trades Union Commission in England, in the 
hope that a fuU discussion of the physical and moral elements involved 
in the organization of industry would result in the ultimate elevation of 
the working classes of Europe to such a standard, at least, as would ren- 
der the conditions of competition between our own country and Europe 
more just and equitable. It is quite evident that in the effort to produce 
cheap commodities, and to undersell each other in the markets of the 
world, the rightful claims of humanity have been disregarded to such an 
extent that the reorganization of labor, in its relation to capital, is felt 
by all thoughtful men to be an imperative necessity. 

It cannot be that the aim of society is only/ to produce riches. There 
must be moral limits within which the production of wealth is to be car- 
ried on, and these limits have been and are beiug so obviously trans- 
gressed that a spirit of discontent pervades the entire industrial world; 
and in the very c6untries where this competition has been pressed to its 
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utmost limits capital has ceased to become remunerative, although ^ 
humanity itself has been sacrificed to its demands. The evidence which • 
I gave before the Trades Union Commission was delivered in this spirit • 
of deep concern for the welfare of the working classes; and inasmuch as ^ 
a few incidental sentences repeating statements which had been made to w 
me in regard to the Pittsburg strike, but of no consequence in retbrence " 
to the main question, were seized upon by the London Times as a ground- i 
work for characteristic unfavorable comment on American institutions, *• 
and some feeling was excited among the working men in the United i 
States in reference to these misrepresentations, against which, it will he ilt 
seen, I took occasion to protest on my second hearing before the com- 1. 
missioners,^ long in advance of any knowledge on my part of the effect lii 
produced by them at home, it is deemed proper to state that the evidence it 
so given, in Europe at least, was universally regarded as an appeal in i^ 
behalf of the working classes, not in defence of any violation on their ii 
part of the fundamental principles of social science, but in assertion ai t 
their just rights to education, domestic happiness, and adequate remu- ^- 
neration for labor. C 

There are some statements made thereon, of no great imx>ortance in c 
themselves, based upon information derived from other parties, on whom H 
1 had reason to rely, which may have been erroneous ; but in all sudi m 
cases, where I did not speak of my own knowledge, I expressly so stated, a 
and this was particularly the case in regard to the Pittsburg strike, where -i 
the evidence shows that I expressly disclaimed personal knowledge of 
the facts ; but I desire now to state that the information was derived' 
from a resident of Pittsburg in whom I had reason to feel entire confi- 
dence. In my second evidence before the commission, it will be seen* 
that I took occasion to correct some errors of this kind, having in th^ 
mean time received more correct information. There are also some replies : 
bearing on the nationality of workmen, elicited in answer to questions < 
over which I had no control ; but in so far as they may appear to be : 
invidious to any one nation, there is no real cause for complaint when ^i 
the answer is understood. For example, the statement that the Irish are ^ 
rarely first-class puddlers was made as a matter of fact in nowise depend- i, 
ing on th^ land of their birth, but because they do not begin to learn the ^ 
business until they arrive in America, full-grown adults, whereas in ^ 
England the education of the puddler begins in boyhood, and is pursued ^ 
for many years before he takes a furnace. The same answer would, j. 3 
therefore, have been given to the same question, if asked with reference » 
to the natives of any other country who had not learned the business v 
from boyhood. ;= 

But if, in comparison with the ample provision made in our country 1 
for the education of the masses, the arrangements in France and England j 
are upon a meagre scale, the opportunities for scientific and technical * 

^ See Appendix H. >Ibid. 
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instraction, in France especially, are of a far more complete and generous 
character. For the governing classes, or for those who, rising out of the 
lower ranks, are educated to fill positions of tnist and responsibility, 
there exists a series of educational establishments of so thorough a course 
in Hieir respective departments as to exhaust all that experience and 
science can do for the preparation of engineers and conductors of industry. 
The Bcole Centrale des Arts et Manufactures at Paris, the Conservatoire 
Imp^ale des Arts et M^ers, several large agricultural schools, I/Ecole 
Imp^riale des Fonts et Chaus6es, L'Ecole Imp^riale des Mines, L'Ecole 
Imp^riale de Commerce k Paris, the three schools des Arts et Metiers at 
Chalons, Aix, and Anglers, the School of Mines at St. Etienne, the School 
of Watchmaking at Cluses, of the Mining Classes at Alais, the Kaval 
School at Marseilles, are aU sustained by the government in the interests 
of industry and commerce, and give to French industry that intelligence, 
sdence, and skill, which, in the Exposition, extorted universal admiration, 
and the general confession that its products, even in machinery and 
metals, were up to the highest standard of excellence. Similar schools 
in the "United States ought to be the fruit of the great endowment of 
lands given to the States by Congress for the establishment of institu- 
tions designed to teach mechanical and agricultural science and art; but 
it is to be regretted that, at the present time, the application of this grant 
has not been so directed as to secure such a result, and we must console 
1 OTu^elves with the reflection that, if we are deficient in the higher educa- 
tion necessary for the best industrial development, we have in a measure 
sapplied its place by a general diffusion of knowledge, which, evoking 
the ingenuity and hidividuality of each workman, has rendered it less 
necessary than in countries where the masses are in ignorance. But it 
cannot be disputed that this individuality and ingenuity in our American 
character will be more valuable and powerful when directed by the highest 
order of intelligence and thoroughly trained scientific leaders. 

It is obvious that the abnormal rates for labor which we have been 
considering cannot prevail in any one branch of industry alone, but must 
extend to all, as labor, like water, must seek a general level in each com- 
munity governed by the same laws and subjected to the same influences. 
I All articles of commerce are, therefore, produced below their normal 
I cost — ^that is, the cost which would be possible if the fundamental laws 
I of humanity were not violated in the employment of women and chil- 
dren, and the payment of a rate of wages to the common laborer inade- 
quate for the proper support and culture of the family. In those com- 
modities which require in the United States more human labor for their 
production than is necessary in Europe, where labor is so inadequately 
paid, we have, perhaps, no other interest than a general concepi in the 
welfare of the human race ; but so far as iron is concerned, from the fact 
that we can produce it with as little consumption of human labor as any 
other nation in the world, the case is different, because there is no abso- 
lute loss of wealth, and no misapplied power in its production ; and the 
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only question to be discussed is, whether it shall be taken out of the i 
general category of manufactures not so favorably placed as to the cost i 
of production, and by positive legislation placed in the same conditicMi n 
as it would have occupied with reference to foreign competition, if the » 
rate of wages in other countries had never been reduced below their ^ 
normal standard. li 

We have seen that the cost of making iron in England, Belgium, and ui 
France, at the present time, varies from £6 10s. to £S per ton, and £1 1^ 
additional suffices to pay its cost of transportation to the seaboard of the.^^l 
United States. At these ports American iron cannot i>ossibly be deliv- m 
ered at a less cost than $60 in gold against $40 in gold for the foreign ]^ 
article, and the entire difference consists in the higher wages, and not u 
larger quantity of labor required for its production in the United States, u^ 
where the physical, mental, and moral condition of the working classes ^ 
occupy a totally different standard from their European confreres, and ij, 
where the wages cannot be reduced without violating our sense of the i^ 
just demands of human nature. v,^ 

At the same time it is to be observed that the business is so far over- -,„ 
done in Europe that no profit can be realized by the capitalist, except ^^j, 
in special cases, for which adequate reasons can be given. The actual ^ 
remedy for this over-production would be to withdraw the women and ^^ 
children, as we do, from this class of industry, whereby the production -^ 
must be reduced, the rate of wages raised, the cost and the selling price ^ 
increased, capital become remunerative, and the ability to procure iron, .^ 
made cheap by its adulteration with the violated laws of humanity, be j 
forever extinguished. To what result the general discussion which this ^^ 
subject is now receiving in Europe will lead it is not easy to decide j but 
it is a curious phenomenon to listen in France to the loud complaints 
which are made against the competition of Belgium in the manufacture 
of iron, and stranger still in England to the same complaint, and the 
broad declaration that it will not be possible to do anything for the 
education and elevation of the working classes without exposing their 
manufacturers to ruin in consequence of the competition with the worse 
paid and worse fed labor of Belgium. The truth is that the whole 
system is false, and now, when pressed by the energy, enterprise, and 
competition of the age to its legitimate results, humanity is in rebellion, 
and there is a general cry from all classes, laborers, employers, philan- 
thropists, philosophers, and statesmen, alike for relief. 

The necessity for this relief becomes painfully apparent when th^ 
poor-law returns made in England are carefully examined, from whict 
it is evident that there is an army of paupers pressing upon the occupa- 
tions of the common laborer, and striving to push him over the almost 
insensible line which divides these two classes from each other. It is 
not possible that the laborer should receive more than bare subsistence 
wages, and there can be no relief for his patient suffering, so long as 
there are thousands who, unable to earn any wages at all, stand ready^ 
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to fill up every gap in the ranks of industry; and to the honest laborer 
liimself, standing on the edge of this line, over which he is liable at any 
moment to be forced into the ranks of pauperism, the anxiety and miser- 
able state of uncertainty for himself and his family must be fatal to all 
rational happiness, and is well calculated to drive him into vicious indul- 
gences and temporary excesses whenever a transient opportunity is 
afforded, as a. momentary relief from a condition of hopeless misery. 

From the returns made to the British Parliament as to pauperism in 

-the month of September, A. D. 1867, it appears that out of a population 

of 19,886,104, dwelling in the area for which the returns are made, 

872,620 persons were on the list of paupers, supported by public charity, 

of which number 129,689 were in the workhouses, and 738,726 were re- 

Ueved in their own houses. This latter portion constitutes the army 

which substantially regulates the rate of wages for labor, as they are 

ready, to a greater or less extent, to take any vacant place which may 

offer itself. And this state of the case exists not in mid- winter, but just 

after the close of the harvest, and the returns show that the evil is an 

advancing one, as there is an increase of 27,521, or 3.3 per cent., in. 1867 

over the corresponding week in 1866. And a study of the tables which 

are hereunto annexed (Appendix I) shows the largest rate of pauperism 

is in the manufacturing and not in the agricultural districts. 

By another parliamentary return, which is also annexed, (Appendix I,) 
it appears that the average number of scholars attendant upon the 
schools under government inspection in the year 1866 was 871,309 in 
England and Wales, showing this suggestive fact, that the paupers 
receiving public relief, and the children receiving instraction in schools 
aided by the public fimds, were about equal in number. This statement 
alone, if other evidence were lacking, would serve to prove that the 
working classes of Great Britain have not yet achieved the position in 
Lei point of education and social comfort to which humanity is entitled. 
lel Kor can it be alleged that this is due to any deficiency in the resources 
ir| provided by nature for the reward of industry. The coal and iron ore 
mines of England afford the most magnificent fund to be found on the 
It I &ce of the globe for the abimdant remuneration of the capital and labor 
iid| engaged in their development, and every class in the community, except 
the operatives themselves, have enjoyed a bountiful return for their 
interest in this national endowment. The landowner has been largely 
paid, not only by the royalties derived from the minerals, but in the 
eaonnous increase in the value of the soil by the rapid growth of popu- 
lation engaged directly and indirectly in the manufactures based on their 
consmnption. The capital invested in manufactures in Great Britain 
^ in the main, reaped a most abundant reward, and the general result 
W been an accumulation of capital in the hands of the higher and 
middle classes unequalled in the history of mankind. 
Tliat the working classes have not been equally well rewarded is due 
toply to the improvident and even reckless manner in which these 
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great natural resources have been employed, giving rise to a competitioi 
unlimited by any other consideration than the immediate profit to b< 
derived by the capital invested in the business. Of course, the less tlM 
rate of wages, the longer the number of hours of work to be got fron 
the laborer, the greater the numbw of women and children that coidM 
be employed, the lower will be the cost of the product, and the mow 
decided the abHity to undersell all foreign competitors in the markets d 
the world. Hence, in the absence of restraining laws and an enlightenei 
consciance on the part of the operators and manufacturers, and in lii 
presence of a large population in a restricted area, governed in the inteii 
ests of special classes, it was inevitable that the superior natuiH 
resources of Great Britain should be used, as they have been, rather 
crush out foreign competition than to elevate the working classes ; 
this very attempt to undersell foreign nations in their own marki 
necessarily involved the lowest possible rate of wages in those coiml 
consistent with mere existence; reacting, in turn, upon the Engl 
labor market, and compelling lower rates of wages than would otherwi4 
have been required, if the aim of the nation had. been directed to 
payment of the largest i)ossible compensation to its own working ch 
rather than to the control of the markets of the world even at 
expense of humanity itself. 

The possession of these wonderful deposits of coal and iron, as a fiini 
for the payment of adequate wages to labor in Great Britain, is ^i 
lent to our virgin soil in the "United States, enabling both nations to 
the highest possible rate of wages consistent with the conservation! 
capital; but this advantage in Great Britain has been deliberately 
recklessly thrown away by a competition between the English mam 
turers themselves, resulting in an over-production, and compel 
steady pressure upon the wages of labor, in order to keep up the 
duction and secure larger consumption by lower prices for the conmu 
ties. It is a mistake to suppose that this reduction in price has 
caused by the competition of foreign nations with Great Britain, for 
have seen that France cannot produce enough iron for its own const 
tion, and that Belgium only turns out one-tenth as much iron 
Great Britain, and is therefore governed as to price solely by the ral 
which Great Britain is willing and able to furnish the remaining 
tenths. If it were possible for Belgium to alter the ratio of produci 
she might in the long run make the price for the total product; but 
simply ridiculous to apprehend, in view of the natural resources of 
two countries, that any such change can ever be effected. 

The most interesting industrial and social question of the age is, 
fore, the policy which will be pursued by Great Britain in the 
tration of its mines of coal and iron. And the royal commission, 
making an official inquiry into the exhaustion of the coal fields, will 
far short of the real scope of the question if it fails to investi( 
whether, by wise and suitable regulations, the annual product of 
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cannot be so regulated as to secure a far better remuneration to the labor 
mgaged in its production than it has heretofore received. I am perfectly 
aware that such regulations must necessarily be restrictive in their char- 
icter, and, at the first glance, will appear to be at war with the commer- 
cial i)olicy of free trade advocate^ in Great Britain. Very little reflec- 
tion, however, is required to show that by far the greater x)ortion of the 
l^islation of all enlightened nations is necessarily of a protective and 
restrictive character; and at this day no enlightened statesman would 
advocate the deliberate sacrifice of local advantages for the sake of any 
mere abstract theory, which might be ever so well founded in reason, 
bat fails to be applicable in the presence of exceptionable facts and 
lesourees. The protection of life, liberty, property, and social order, the 
tifle to lands and personal property, rest entirely upon protective laws; 
md all provisions for the protection of capital and health and the estab- 
fidmient of police are so many restraints upon the natural freedom of 
fte individual; and surely legislation looking to the wisest possible use 
I of national resources ahd the prevention of the waste or misapplication 
\M the raw material, upon which the structure of the national industry 
prosperity and the welfare of the working classes rest, is not merely 
natural but a necessary step in the progress of industry and the devel- 
|opment of civilization, 
hi no country in the world are so many proofs of the wisdom of this 
to be found as in the history of British legislation in reference to 
working classes during the last 35 years. The repeal of the com 
was a measure of eminent protection to the working classes, reliev- 
fhem of the taxes imposed ux>on food for the benefit of the landowner 
le; because the condition of the agricultural laborer could not be 
le worse, but could only be improved by any change. The series of 
regulating the employment of women and children in factories and 
lines are not merely highly restrictive, but by common consent have 
iced the happiest results on the moral and physical condition of the 
»r|lfOrking classes. The laws recognizing the legal existence of friendly 
deties; for the encouragement of building associations; the conver- 
)nof the post offices into savings banks for- the working classes; for 
granting of annuities and life assurance guaranteed by the govem- 
it to the working classes, on the payment of small periodical instal- 
its; for the encouragement of co-operative stores and associations; 
"partnerships of industry," in which the workman is allowed to have 
interest in the profits of the business without becoming liable as a 
[partner for the debts ; the statutes authorizing the establishment of free 
ig rooms, libraries, and museums, by a vote of the rate-payers in 
ly borough, town, or city, constitute a course of wise legislation 
kkably protective, restrictive, and enabling; persistently advo- 
and successfully established by the most sagacious, liberal, and 
ithropic statesmen of the present age, and resulting in so marked 
improvement in the condition of the working classes, accompanied 
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classes, and above all the considerations of independence, essential to 
the dignity of the American republic and the welfare of mankind. But 
in the discussion of this question, and in the legislation which may be 
prox>osed to meet the best interests of the nation, in regard to a supply of 
iron and steel, the broad distinction which exists between the nature of 
the question in Europe and the United States must never be lost sight oi^ 
On the continent, protective duties on iron are imposed in order to coun- 
terbalance the superior natural resources and advantages of Great Britaia 
for the production of iron, and not to secure higher wages to the laborer j 
whereas, in the United States, protective duties, if imposed at all, are 
not necessary because our natural advantages for making ironware infericnr' 
in any particular to those of Great Britain, but simply because the wagep 
of labor are fixed upon a most just and liberal scale to the workmen i^i 
the first instance, and by the law of equivalents to the whole industrule 
force engaged in the great work of production, of whatever form and 
nature. 

If the facts and suggestions contained i^ this report, the result of half 
a year of careftd study of the Exposition, and the knowledge which it 
enabled me to acquire in reference to the social condition of the working 
classes in Europe, shall in any way aid Congress in arriving at. a judidis 
ous solution of these grave questions, involving so many and such variefj^ 
interests, and if, as I hope, the terrible evils of pauperism shall be evai|i 
for a time, and possibly forever, averted from our own country by legiik 
lation based upon sound, social, and economical principles, I shall cealt 
to regret the strange and cruel misrepresentations to which I have be^ 
subjected among the working classes, in whose behalf mainly the dat|| 
confided to me was undertaken. e 

Whatever policy may be finally adopted with reference to Americaa 
industry, it is a source of profound satisfaction, and should be a subject m 
general congratulation, that a carefid survey of the natural resources m 
those nations who stand in the van of European progress and civilizatioi 
justifies the declaration that the great problem of democratic instituticni 
is being solved in a land having, in addition to a fruitful soil, the largeer 
and best supplies of the fundamental elements upon which industry, pro 
gress, and civilization are based ; and that there is good reason to h<^ 
that here it may be shown how wealth may be created without the d 
dation of any class which labors for its production ; the only advan 
(if advantage it may be termed) possessed by Europe over the Units 
States, for the cheap production of iron and steel, being in the lower aw^ 
inadequate rate of wages which there prevails, and not in any^supeiul 
natural resources in ore, fuel, or geographical position. / 

ABEAM S. HEWITT, '^ 
United States Commissioner to the Universal Exposition of 1867« i 

Hon. William H. Seward, \ 

Secretary of State. i 

Paris, November 30, 1867. ^ 




SECTION 11. 

BESSEMER STEEL. 

THE BESSEMER PROCESS IN VARIOUS COUNTRIES. 

The undersigned has the honor to submit a special report upon 
"Bessemer steel,'' prepared under his direction by Frederick J. Slade, 
Kientific assistant to Committee No. 6, and duly approved by the com- 
littee and ordered to be laid before the Commission. 

ABRAM S. HEWITT, 
XT. 8, Commissioner and Chairman of Committee 2fo. 6. 
Paeis, June 22, 1867. 



The Paris Exposition affords valuable information in reference to the 

iibUities of the Bessemer process for the production of all grades of 

I, from a near approach to wrought iron to the hardest and finest 

of steeL A comparison of the specimens sent from the various 

itries shows that the quality of the metal produced depends chiefly 

the nature of the raw materials used, and accordingly it is only in 

countries where the very best ores and purest coals are employed 

we find the finer grades of steel produced. 

It will, perhaps, be most instructive, therefore, to examine the manner 

which this process is conducted in each country separately, and to 

if possible, the relation between the nature of the finished products 

tiie materials and modes of working employed in their manufacture. 

^e begin naturally with 

ENOLAOT). 

He iron almost exclusively employed in England for the pneumatic 
is obtained from the Cumberland district, and is derived from red 

itite ores. Dr. Percy, in his well-known work on metallurgy, gives 
>the analysis of two specimens of these ores: 

I. II. 

luioxide of iron 95.16 90.36 

)toxide of manganese 0.24 0.10 

lamina 0.37 

le 0.07 0.71 

kgnesia 0.06 

losphoric acid trace. trace. 

Iphuric acid trace. trace. 
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I. 

Bisulphide of iron trace. 

Ignited insoluble residue 5.68 

101.15 1( 

Smca 5.66 

Alumina 0.06 

Sesquioxide of iron 

Lime '. t 

' 5.72 

Iron, total amount 66.60 ( 



The blast furnaces in which these ores are smelted average aboi 
feet in height and 15 feet diameter of boshes, and are in most cases o 
topped, the opinion among the iron masters being that the quality o: 
iron is injured by any attempt to draw off the gas. At some furnj 
however, this notion is abrogated, and the waste gases are utilize( 
heating the blast. Among these are the furnaces of the Barrow Hem 
Iron and Steel Company, the West Cumberland, and the Wigan Iron 
Coal Company's furnaces. The quality of pig produced at these h 
works does not perhaps stand invariably as high as that of the W 
haven Hematite Iron Company, (Cleator,) the Workington Iron Comp 
or the Harrington, but if there is a difference it is easily accounted fc 
the quality of the materials used, without the necessity of resort tc 
supposition of an injurious effect from utilizing the escaping gas. 

The fuel used at the famaces in the Cumberland district is the 
Newcastle coke, which is remarkable for its hardness and freedom J 
sulphur. Dr. Percy gives the percentage of sulphur as 0.8 and of 
4.45. Ko charcoal pig is made in England for the Bessemer process, 
fluxes employed are a limestone quite free from phosphorus, and a poi 
of black shale from the coal beds, consisting of clay and carbonac 
matter, without any appreciable amount of sulphur. The percenta^ 
iron indicated by the above analysis, viz., from 60 to 70, appears to 
fair average, and the ores are not calcined. As it is necessary that 
iron should be as gray as possible, not less than 30 hundred- weigl 
coke are used per ton of iron produced, and a charge is about 50 h 
in coining down through a furnace of the dimensions given above, 
yield from such a furnace is 250 tons per week. 

The blast is under a pressure of 3f pounds, and is heated to from < 
to 750^ Fahrenheit. From four to six tuyeres are usually emplo 
Ko. 1 iron for the Bessemer process from these furnaces brings 90 s 
ings per ton at the works, and Ko. 2, 10 shillings per ton less. 

The Wigan Iron and Coal Company, Lancashire, produce an iron w! 
is used to a considerable extent for the process, but does not rani 
high as the Cumberland irons. The coal as mined would be quite i 
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for use in the production of such a grade of u*on, as it is materially cou- 
taminated with sulphur, but this is almost entirely removed by washing 
the fine coal, the pyrites settling by their superior weight, whUe the pure 
coal is carried on to receiving beds by the current of water, and the puri- 
fied residuum is then converted into coke, yielding a tolerably strong 
product. This company have just erected a number of new furnaces 
much above the usual size for this kind of iron, viz., 80 feet high and 24 
feet diameter of boshes, and these are provided with a cone and bell 
arrangement for taking off the gas. 

Forest of Dean iron, made from brown hematite ores, is frequently 
aaed in small quantities in admixtm^e with other irons for the purpose»of 
malntaiiiing the heat of the charge, which it tends to do. It is apt, how- 
ever, to contain too large a percentage of sulphur to work well alone.* 

Another brand which is said to work well is Weardale, an u'on made 
ftom spathic ores. It is unusually rich in manganese, and owes its 
[\M excellence chiefly to that fact. 

icesl ^'^ following analyses exhibit the characteristics of some of the more 
^ fjlisaal brands of iron employed : 

ivai 
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3.25 
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The analysis of Weardale is taken from Percy's Metallurgy ; the others 

|were furnished to the writer from different sources in England. 

The presence of sihcon in the iron causes the charge to work hot in 

converter, and it is usual therefore to mix an iron rich in this element 

others containing a less quantity, and which have a tendency to 

cold and become pasty. As a rule Workington iron contains more 

m than any other in use for the process, and being moreover an 

lent iron is largely used. It is, however, from the very fact of its 

ig so hot, seldom employed alone, as it cuts the moulds badly in 

I Sulphur and phosphorus are the most injurious elements found in the 

[, because the pneumatic process is powerless to remove them, and the 

Ity of the steel is materially affected by their presence. An effectual 

IS of eliminating these substances, in the process of conversion, would 

one of the most valuable discoveries of the times. 

It is usual among all the steel makers to mix several different brands 

iron where a uniform and good quality of steel is desired, but there 

to be no definite mixture which is agreed upon as best. The prin- 

ifl^le appears to be to form the larger portion of the charge of the bettc^r 

ids of Cumberland hematite, and to add as correctives smailcr per- 
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centages of other irons. The following will serve as examples, the fii 
having been given to the writer by Mr. F. Preston, late managing din 
tor of the Lancashire Steel Company, and the other being from the boo 
of another large firm : 



I. 

Workington 45 

Harrington 40 

West Cumberland 10 

Wigan , 20 

Weardale 7 

Forest of Dean 3 



120 
Spiegel li 



127J 



II. 
Cleator 

Workington 

Harrington, (l^o. 1) 

Harrington, (!N^o. 2) 

Forest of Dean 

Wigan 



Spiegel 6J or I 



For forgings, such as axles, tires, locomotive crank shafts, &c., uoi 
but 'No. 1 iron is commonly used, but for rails a greater or less amou 
of 5^0. 2 is added, in order to reduce the cost as far as possible. 

The amount of this quality that may be used will of course depend < 
the character of the iron. 

The iron as a rule is melted in reverberatory furnaces, but at five wor] 
cupolas have been substituted with apparently good results. These are 

The Manchester Eailway Steel and Plant Co. ; 

Messrs. Chas. Cammell & Co., Penistone ; 

The Bolton Iron and Steel Co. ; 

The Barrow Hematite Iron and Steel Co. ; 

The Mersey Iron and Steel Co., Liverpool. 

At the latter a cupola is also employed for melting the spiegeleise 
At the first-mentioned works Woodward's patent steam-jet cupola 
employed, it is stated with a consumption of coke as low as 1 J pound p 
hundred- weight of iron. At the others, Ireland's upper tuyere cupel 
are employed. These cupolas melt very rapidly, and are sufficient 
capacious to hold an entire charge in the portion below the upper row 
tuyeres. The size erected for a five-ton plant is seven feet iu diamete 
and will melt five tons of iron in three-quarters of an hour. In workin 
the charge is weighed when it is put into the cupola, and, as it meW 
remains in the bottom till the whole has been fused, when it is tapped c 
into the converter. They generally require cleaning once in 24 houi 
Of course where cupolas are used, much greater care has to be exercis( 
in the selection of the coke, as fuel which might be used in the air ft 
naces would destroy the quality of the iron if burned in contact with : 
The opinion among those who employ the cupolas is, that it is quite pc 
sible to find a coke sufficiently free from sulphur to yield a satisfacto 
result. At the Barrow works, preparations had been made to conv< 
the molten metal directly from the blast furnaces to the converters, b 
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after a number of trials it was found that the uniformity of the metal 
could not be relied on, and, in consequence, the attempt was abandoned, 
and cui)olas erected instead, to remelt the pigs. The converters at the 
majority of the works have a capacity adequate for a yield of five tons of 
steel, or allowing one-sixth for waste, which may be taken as a fair aver- 
age, for six tons of molten iron. At Barrow, however, three seven and 
a half ton vessels have been erected, besides their five-ton plant, and at 
Messrs. John Brown & Co.'s a pair of ten ton vessels have been in use 
more than three years. The material commonly employed for lining the 
vessels is ganister, a highly silicious substance, found at Sheffield. Other 
materials have been tried at some works, as, for example, at Dowlais, with 
apparently great success. A pair of vessels, at the works just mentioned, 
kad recently stood 300 blows each, without relining, and were still appa- 
lently in good condition. This is much above the average endurance of 
i flie refractory linings. The destruction of tuyeres is an important item 
in the exi)enses of the process. The average life of these is seldom over 
five blows, and the failure of one during a blow is often the cause of consid- 
erable loss, either by damage to the vessel or by injury to the contained 
eliarge. 

In the general arrangement of the Bessemer plant, very few changes 
kve been made from that planned by Mr. Bessemer and contained in 
tiie drawings supplied to his licensees. A pair of converting vessels 
isaally placed opposite to each other, but in some cases side by side, 
rtand at the side of a casting pit, sunk a few feet below the general 
level of the floor. Thesc^ vessels are mounted on trunnions, and are re« 
Tolved on them by means of a rack and pinion operated by hydraulic 
pressm^. The melting furnaces are placed in a room having a consider- 
ably higher floor level than the converting room, so that the melted 
metal may be run by its own gravity into the mouth of the converter, 
irlen the latter is turned down suitably to receive it. In the centre of 
fce pit is a vertical hydraulic piston or crane, carrying at its upper end 
^platform, at one end of which is a ladle sufficiently large to hold the 
^Btttents of the converter at the end of the operation. The platform is 
fcnished with gearing, so that it may be easily revolved to bring the 
Jidle over each ingot mould successively, the latter being arranged ac- 
^fiardingly in the arc of a circle near the side of the pit, which here has 






^ same form. The ladle is provided with a nozzle and stopper in its 
lottom, by means of which the flow of the steel is regulated. Two 
^draulic cranes, consisting simply of vertical pistons, carrying a long 
Iiorizontal jib with a roUing carriage, to which a chain and hook is at- 
tached for lifting the ingots, are placed near the edge of the pit, about 
opposite the centre of the converters, and serve also to lift off the various 
parts of the latter when required for repairs. The blast valve and 
lydraulic apparatus i)ertaimng to the converters are worked from a valve 
stand, placed at a suitable distance from the pit, the cranes being operated 
^ a valve directly attached to them, so that the attendant boy may the 



68 PARIS UNIVERSAL EXPOSITION. 

better see what he is required to do, and the whole of the manipulatioi 
of the vessels, ladles, and ingots, gives an ease of working and a pei 
fection of control, with economy of labor, which should lead to the mow 
general application of hydraulic power to other departments of industry 
in which large masses have to be dealt with. The water pressure usee 
for the purpose is about 300 pounds per square inch. The sizes of ingotf 
most commonly cast are, for rails, about 10 inches square, for locomotive 
crank shafts, ingots of a rectangular section, say 22 inches x 16 inches, 
and for other forgings according to the size and nature of the work, the 
moulds having a weight about equal to that of the ingots. At some 
works, the plan is adopted of testing a sample of each blow for carbon, 
and classifying the metal according to the result of this test. By this 
mealis much greater uniformity in the finished work is obtained, and in 
the present state of our knowledge of the process, this is a very neces^ 
sary means to secure this end, and should be more generally adopted 
The process employed was introduced from Sweden, and is exceedingly, 
simple in its nature. It consists in dissolving a known weight of met^ 
in the form of drill chips, or some other finely divided state, in nitrii 
acid, of the gravity 1.2. The solution will have a brown color, more oi. 
less deep according to the percentage of carbon contained in the metaL 
A standard color, corresponding to a known percentage of carbon, ae 
determined by direct analysis, is first established, and the color of thi 
solution to be tested is made to agree exactly with this by the addition 
of a certain quantity of acid or water. That this, which is the readie^i 
method of producing agreement, may be employed, the color of tkj 
standard solution must be light. The water is added to the solution a 
a graduated test tube, so that the exact proportion of water relatively 
to the original solution may be read off with ease, and if, for exampUe 
an equal bulk of water requires to be added to make the color the saniif 
as the standard, the percentage of carbon in the specimen under 
must be just double that of the standard. As a solution of steel in ad 
would in the course of time change its color, an exact imitation of 
is made by dissolving burnt sugar, and this is kept hermetically seal< 
for comparison. To secure a light standard color, it is not necessary tl 
the piece of steel dissolved should contain a small percentage of carl 
but a largier quantity of acid may be used in a known proportion, 
twice or three times the required amount, and the corresponding 
centage of carbon will be equally well ascertained. This test is ei 
and quickly applied, and the variation of color being considerable, givi 
results sufficiently accurate for the purpose of a proper classification 
the ingots according to the purposes for which they are suited. 

The principal uses to which the Bessemer metal is put in England, 
the manufacture of rails, tires, axles, machinery forgings, and boiler platflfc 
The total amount produced may be judged from the fact that the qu; 
tity made per week at the works of Messrs. John Brown & Co., limit 
and Messrs. Chas. Cammell & Co., limited, is stated to be 600 or 700 toBfc* 
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each. The number of establishments at which the process is in operation is 
about 15, and the number of converters employed upwardsof 50. The chief 
market is for rails, and a large proportion of the orders are for American 
tTTl roads. In England, not much ordinary line has been laid with steel 
-dl rails, but on most roads those portions which are exposed to excessive 
iffj wear, such as stations and inclines, are being relaid with steel. The 
public are already familiar with the vastly superior endurance of steel 
in such situations, and nothing need therefore be said here on that point. 



MANUPACTUBE OF STEEL BAILS. 



li. 



It is usual, as already stated, to cast a 10-inch square ingot for rails. 
*| At most works, this is heated in a reverberatory furnace and hammered 
down to 7 inches square. At some prominent establishments, however, 
^1 this process is dispensed with, and a 10-inch ingot is taken directly to 
i^ &e rolls and rolled down to 7 inches. At Crewe, Mr. Eamsbottom 
ig™ employs a heavy cogging machine for the same purpose. This is simply 
e^^ a form of reversing rolls made exceedingly large, and only performing a 
i^tiJl part of a revolution at each pass of the ingot. It is stated that the rails 
v^'^made from unhanunered ingots stand equally good tests with those 
iietal jr]^(»ii have first undergone hammering. 

>^- 4 The substitution of rolling of course cheapens the manufacture and 

^^ 71^^^^^ *^® amount of plant necessary, as well as the number of hands 

^^^<lwqaired. It is usual after the ingot has been brought from 10 inches 

adiij Jown ^ 7 inches to put it back into the heating furnace for a short time, 

^>t ^ to bring it up to a heat sufficient to carry it through the remainder of 

^^*^^ jfte process. With hammered ingots it is usual to allow them to become 

ativ^ j(^([ g^j. hanunering, and to reheat them entirely anew, since it is not 

a\iiipiejgy 1^ regulate the heats so as to have the hammer supply hot ingots 

1^ ^ to the furnaces for the rolling mill. This, of course, involves a further 

^^ J^l^tional expense in the use of the hammer. In heating the ingots 

\I«ire has to be taken that the heat is not forced so as to bum the steel, 

- -Jr^^ ample time must be given for it to " soak." Practically about four 

jieats are obtained in twelve hours, where with iron seven or eight could 

• , Ttegot. When the ingots are rolled from the cast size it is usual to 

J^vide larger furnaces and a greater number for the first heat than for 

J tte second, as the fewer and smaller ones will work off the same number 

^ 1 tf mgots, on account of the shorter time necessary to bring them to the 

[ .1 leqaired heat. At the Dowlais works, for example, there are seven fur- 

^.^ 1 liaces holding seven ingots each for the first heat, and but four holding 

four apiece for the supplementary heating. 

The usual size of rolls for steel rails of the English (80 lbs per yard) 

M ^ other pattern is from 22 inches to 24 inches diameter. In some cases, 

J Wever, smaller sizes are in use, as at Crewe, and at the Mersey iron 

*^-!l ^^ ^^ works, at the latter of which only an 18-inch train is employed. 

J These, however, are trains which were originally intended for rolling 

iron railSy and have been compelled to do service for steel. 
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The speed with rolls of the first mentioned sizes varies from sixty i» 
forty revolutions per minute ; the former extreme, however, seems prefer- 
able. The drafts on the rolls are made somewhat lighter and more 
numerous than for iron — say two more grooves for finishing. 

At several works reversing rolling mills have been erected, to avdd 
the necessity of lifting the ingots in returning, and also to save time by 
operating on the ingot when moving in either direction. The usual plan 
has been to effect the reversing by engaging by means of a clutch gears 
running in opposite directions. This necessarily brings a severe shock 
on all the machinery, especially at high speeds, and in some cases where 
the arrangement has been introduced it is not used, the mill always 
running in one direction, and the rolling being carried on in the usual 
way. V Mr. Eamsbottom has constructed and patented a reversing nuB,' 
which he uses for rolling locomotive frame plates, at Grewe, which it 
free from this objection. He drives his rolls by a pair of enginea^ 
resembling a set of locomotive engines in most of their details, an^ 
without any fly-wheel. These work at a high speed, and are geared U' 
the rolls in such a manner as to reduce the speed to the required amount* 
The link motion is thrown up or down in reversing by a hydraulic pistqi' 
easily set in motion by the attendant, and by these means the engin^F 
can be reversed seventy times per minute and entirely without shock: 
This principle for reversing would appear much preferable to the use om 
a clutch. The employment of a fly-wheel is not found necessary, as tikai 
engines, in virtue of their high speed, contain power sufficient to oveaa 
come any obstacles within the limits of safety to the rolls, beyond whieS 
it is better that they should stop. Mr. Eamsbottom has adopted in thJ 
set of rolls a thorough application of hydraulic power for all the oper^ 
tions of manipulation, and has thereby obtained great facility of worl 
ing and economy of labor. Instead of the reversing principle, a steauQ 
or hydraulic lifting gear is used at some works for raising the ingot P 
the level of the top of the upper roll, and by many this is preferred tr 
reversing. " 

The Siemens furnace is coming extensively into use in steel works fa 
heating ingots. At present they are in operation at Crewe, Boltof^ 
Barrow, the Mersey works, and some other places. They require a cef^ 
tain amount of care in their management, but yield very satisfactoij' 
resvdts in their working. They are expensive in first cost, but in dif* 
tricts where coal slack is abundant they are exceedingly economical H 
respect of fnel, since they allow of the use of this cheap material insteai 
of better and more expensive coal. But even where good coal must li^ 
employed in the gas producers, the utilization of all the heat producer 
by combustion renders the saving of fuel very considerable as compared 
with the ordinary reverberatory furnace. For steel an excessively hijl 
temperature, such as is required for some operations, and which aloof 
the Siemens regenerators are able to give, is not necessary, and whe» '- 
much steam power is required it may be quite as economical to emplog 
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the waste heat flrom the furnaces for heating the boilers as to pass it 

through regenerators for the purpose of heating the incoming gases for 

the Aimaces themselves. In such a case as much and more expensive 

fiiel might be required for generating steam under independent boilers 
as would be saved at the furnaces by the use of the regenerators. In 

this connection may be noticed a plan that has been adopted at the Bol- 
ton works with good results, viz: the heating of boilers by gas drawn 
directly firom the gas producers. This, of course, gives the same 
economy in respect of the use of slack as already referred to. Where 
sofficient steam Is already obtained or is not required at all, the regenera- 
tive furnaces are of imdoubted advantage. Mr. Webb, at Bolton, states 
that it is still an open question with him whether it is preferable to heat 
his boilers, as already mentioned, by gas, or to place them over furnaces 
fired in the ordinary way i^dth coal. 

The sawing, straightening, and punching of rails are conducted in 
general as in America, with the exception that a single saw, or a pair 
side by side, instead of two separated by the length of the rail, is used. 
The length of the rail is regulated by stops on the carriage, one end 
being sawed off and the rail then passed along on the friction-rollers in 
fte carriage till it reaches the stop, when the other end is cut off. The 
use of a single saw, it is claimed, enables the cut to be made at the most 
suitable point, as indicated by the appearance of the end, and also gives 
greater facility in varying the length of the rail as required for different 
orders. At Barrow, the rollers in the saw carriage are driven by friction 
gearing from the saw engine, so that the rail is passed along automati- 
eally; the carriage is also drawn up to the saw by a number of racks and 
pinions at intervals along its length driven in a similar manner. 
At some works severe tests are adopted for ascertaining the quality 
of rails, and until more accurate knowledge of the nature of the Besse- 
ifter ingots is obtained some such tests would appear to be very necessary. 
The nsual method of procedure is to place a rail from each lot made from 
one mixing of metal on supports three feet apart, and let fall upon it 
midway between them a weight of one ton from heights varying from 10 
to 30 feet, and observing the deflection produced. It is considered that 
good rails shovdd not break under this test, though they may bend con- 
siderably where great height of fall is employed. 

The use of steel-headed rails is a point of great importance, but one on 
which at present little that is conclusive can be said. They have been 
made to a considerable extent at the Crewe works of the London and 
Sorthwestem Railway Company for use on that line, and Mr. Webb 
(formerly of Crewe) has patents for forms and materials of piles for their 
production. One of the points which Mr. Webb claims is interposing a 
layer of puddle bar between the steel face and the fibrous iron, for the 
purpose of making a more gradual transition between the crystalline and 
fibrous metals, and thereby securing a more perfect union in the succes- 
MTe layers. The same thing has been done for many years in the United 
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States* In the Exposition specimens of steel-headed rails of Frencl 
manufacture are shown, which have been struck on the top of the hea^ 
with a steam hammer, cracking vertically through both steel and iron, 
and buckling up the web without any appearance of separation between 
the steel face and the iron beneath it. Although the specimen gives nc 
evidence of being a selected one, (the line of the weld being plainlj 
marked on the external surface,) yet it is clear that no such test can 
decide a question which can really only be properly solved by experience 
under the conditions of regular working. A sudden blow may be incom- 
petent to produce effects which may follow prolonged and irregular 
hammering under the wheels of railway trains. While, therefore, steel- 
headed rails cannot be pronounced an absolute success, there is every 
reason for prosecuting the experiment, and reasonable grounds for antici- 
pating a perfectly successftd result.^ 

As the production of rails is at present the largest branch of the Besse- 
mer steel manufacture, the disposition to be made of the crop ends' 
becomes a question of immediate importance, and that to be made of the 
worn-out rails one of future moment. As the metal, when it contains 
any material proportion of carbon, is unreliable when welded, it is not 
so easy to decide to what use the large amount of ends sawed off fromi 
the rails shall be put. At present it must be admitted they are rather 
a drug in the market. When an iron that works hot in the converter is 
used, a certain quantity of these ends may be remelted in the vessel 
without injury to the steel. About four hundred weight per charge oJ 
five tons is considered admissible at the Dowlais works, the scrap being 
first heated to a red heat in a furnace placed near the vessel, and throwK 
into the latter before running in the molten iron. It is difficult, however 
to dispose of the whole amount in this way. As large a portion as pos 
sible is sold to the Sheffield crucible steel makers, who remelt them, anc 
sell them at a greatly advanced price. At some works, again, they air^ 
rolled into small plates, and in this form they may be used for the manix 
facture of plough shares and other kindred objects; or in some case^ 
they may be rolled and drawn into telegraph wire; it would be impossi 
ble, however, to make fine sizes of wire from them. If the difficulty oi 
disposing of the steel scrap is to continue, it forms another argumenl 
in favor of steel-headed rails, since these, when worn out, would contain 
but little steel and could be readily piled and rerolled, the pile being so 
arranged as to bring thfi steel in the least vital parts of the rail in case 
its presence should lead to any unsoundness of the welding. It would 
appear, however, that an adequate market for old rails could be formed 
by rerolling them into the form of bars for machinery and other pur- 
poses, for which, by reason of their superior strength, they should h& 
more valuable than wrought iron. 

' Experiments made m the United States, after a trial of two years, have demonstrate*^ 
that a perfectly sound weld of the steel to the iron can be secured in the head of the rail. 
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MANUFACTURE OF TIRES. 



!Next in importance to the mannfactiire of steel rails is that of tires for 
locomotive and railway carriage wheels. Pour years ago it was attempted 
to weld these up, as in the case of iron from straight bars, bnt the unre- 
liability of all tires so made was soon apparent, and the attention of 
manufacturers was directed to discovering some practicable means of 
producing them without welds. With the exception of the form of the 
ingot cast for the puriwse, the mode of manufacture adopted at all the 
kl English works has attaiiled a remarkable degree of uniformity. Mr. 
^I Bamsbottom casts his tire ingots in the form of a truncated cone, a 
A usual size being two feet diameter at the bottom, six inches diameter at 
^i^ the top, and thirty inches height. This he hammers on its ends and 
sides till it assumes the shape of an ordinarj'^ flat cheese, with a thick- 
Bess of about twelve inches. Another heat is then taken on it, and it is 
,^| then placed under a steam hammer furnished with a pointed conical tool, 
^^1 and by successive blows with this on both sides a hole is forced through 
i\ig| the centre of the disk, and this again expanded as the hammering pro- 
n<(|oeed8, till the upper part of the tool, which is flat, comes down upon the 
iiiBi|fe aiid consolidates the metal by reducing its thickness. A third heat 
i]iji8then taken, and the ring so fonned is placed over a stout beck pro- 
^riljeetiiig from the inclined side of an anvil, which maintains the ring in 
es!OT*ieh a position as to give a suitable bevel to the outer face when struck 
«re)C|kythe hammer, while at the same time its diameter is considerably in- 
x^inJ creased by the operation. After this third hammering it is ready for 
ro^^'^Us, anda fourth andlast heat istakenforthat purpose. Mr. Eams- 
evrtl^ttoni holds a patent for the method of punching the tire blocks by a 
> pi^l*^-pointed conical tool \^thout the removal of any of the metal. 
I, anl^^ ^*^"^ ^^ rolling mill employed by Mr. Eamsbottom is exceedingly 
wmplicated, and is the only one of its kind, as far as the writer is aware, 
thich is iu use in England, unless it be at the works of the patentee, 
^..^^ Mr. Jackson, at Manchester. 

At Mr. Allen's works, Sheffield, (H. Bessemer & Co.,) the cheese-shaped 
Mocks are produced from an ingot of the ordinary square form, this 
uiud ^^ ^st sufficiently large to form a number of tires, say four, and then 
oiitai|^°^®r^ round and cut up into sections, each of a weight suitable for 
^ tire. The central hole is punched by flat-ended punches about eight 
'iches in diameter at the lower end, and perhaps nine inches above, 
Wven in from both sides successively, and knocking out a circular disk 
Aout two inches thick as scrap. The blocks used with this process are 
<tf less thickness, say seven inches. The hole so formed is slightly en- 
larged by forcing the ring down over a tnincated conical block which is 
placed on the anvil for the purpose, and subsequently another heat is 
taken, and the hammering continued on the inclined back of an anvil, 
^ already described. The weight of the block can be accurately ad- 
Nedby varying the thickness at the time of punching out the central 
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disk, by which meaus the amount of metal removed will be effected 
Another plan adopted by Mr. Allen is to cast annular ingots, sometimes 
a number, one above the other, fed from one gate. These are cast witl 
considerable depth, so as to allow of suflftcient hammering to thoroughly 
consolidate the metal, and the weight is regulated by the size of thecen 
tral core employed. For rolling the tires from the hammered rings h< 
employs the tire-mill constructed by Messrs. Galloway & Sons, of Man 
Chester, which is the simplest one in use, and gives results probably nol 
at all inferior to those of other more complicated forms. It is the on< 
most generally adopted in England. The only other variation in th< 
, tire-making process is, that at some works, for the purpose of avoidin| 
the severe one-sided strain brought upon the hammer by the use of th< 
inclined beck for bevelling the rings, the ring is placed on a stout man 
drel Supported on a bifurcated anvil, and the necessary bevel is given by i 
tool of the proper shape with which the hammer is furnished. In Gal 
loway's and most other tire-rolling machines the roll spindles are placec 
vertically and extend to a considerable distance below the horizontal bee 
of the machine. The rolls themselves are situated just above the sur 
face of the latter, with no bearing above them, the spindles being lonj 
and stiff enough to resist all the strain coming upon them. The tire ii 
thus readily dropped over the ends of the rolls and removed when finished 
Its diameter is determined by a simple sliding gauge, measuring from 
the centre of the internal roll to the inner face of the tire at its greatest 
distance from the former. Bessemer steel tires by the above process^ 
are now made in great numbers and give good satisfaction in use. Ther 
are some who still prefer the crucible steel for this purpose, but tla 
difference in cost is so largely in favor of the Bessemer metal that it i 
probable the former will eventually cease to be made. 

MANUFACTURE OF BESSEMER PLATES. 

The application of the Bessemer process to the production of plate 
either for boilers or for ships, girders, &c., is one of the most importan 
that could be made. ^Nevertheless the amount of metal used for thi- 
purpose in England falls much below that employed for other purposaa 
This is due to a certain amount of distrust of steel plates, doubt as U 
its reliability under varying strains of tension and compression, its capft 
bility of being punched and sheared without injury to itself, and of ii^ 
action under the influence of heat and water as in the fire-box of a boiler 
In other countries, as for example Austria, as will be shown when w« 
come to speak of the manufacture as carried on in that country, this hai 
not been the case, and large quantities of plates have been producec 
' and successfully applied to a variety of uses. 

The secret of the distrust in regard to Bessemer platesin England ii 
that in nearly all cases the percentage of carbon contained in the met» 
has been too large. The spiegeleisen used in England is not particularL^ 
rich in manganese-r-seldom exceeding nine per cent, of that elemeiL^ 
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wMle it generally contains from four to four and a half per cent, of car- 
bon. It is difficult, therefore, with such materials to deoxygenate the 
metal sufficiently without introducing also a considerable percentage of 
carbon. About 0.4 per cent, of the latter is as large an amount as is 
proper for plates which are to resist severe strains, and though a greater 
prox)ortion adds materially to the tensile strength of the metal when 
measured simply by a direct pull, it renders it also much harder and 
more liable to crack under the treatment to which it is exposed in the 
ordinary methods of construction. The difficulty in the way of pro- 
ducing good soft plates for boilers or other uses appeared at one time to 
have been satisfactorily overcome by the substitution of ferro-manganese 
in the place of the ordinary spiegeleisen. The manufacture of this sub- 
stance was commenced by a firm in Glasgow as a branch of another 
business in which they were engaged, and plates made with it as a de- 
oxygenator gave most excellent results. Unfortunately, however, the 
dl firm who had undertaken the manufacture shortly afterward became 
f^l insolvent, and the patentee of the process has not as yet re-established 
ill the manufacture (which requires a considerable expenditure for suitable 
n|| fomaces) elsewhere in England. Had the use of this substance con- 
tinued for a longer time, so as to make the excellence of the steel pro- 
duced with it fully appreciated by the public, there would have been a 
demand for plates urgent enough to have immediately secured the re- 
\id| establishment of the manufacture ; but in the present state of feeling it 
e>»4 nay not be so easy to induce the necessary primary outlay, especially as 
a certain amount of ill feeling is said to exist between the owners of the 
ferro-manganese patent and the Bessemer interest. The percentage of 
manganese contained in the alloy produced by the process referred to 
varied from 15 to 25. Another kind of ferro-manganese, containing a 
much larger percentage and produced in Germany by a different process, 
also the subject of a patent, has been off'ered in the English market, but 
l>V<i^ at such an exorbitant price that nobody has ventured to buy it. Still, 
coital notwithstanding the absence of ferro-manganese, good soft plates are 
produced at some works, especially those at Bolton. Messrs. Charles 
rpo^ Cammell & Co. also make a large number of plates of good quality. 
>^ ^ J the following tests, which they guarantee all their plates to stand, are 
^ ^'^j interesting. 

^ '^^ J Tensile strain per square inch, 33 tons. 

l)oij Pof^g^ f^gf^ (hot.) — All plates one inch thick and under to bend hot 
'^'^ J without ft'acture to an angle of 180^, both lengthways of the gTain and 
'^"^T across. 
*^^'T I'(yrge testy (cold,) — ^All plates will admit of bending cold without frac- 

I tore as follows : 

mill I 
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To show the comparison of this steel with the regular crucible steel, 
the guarantee for plates of the latter is also given. 



Crudhle steel plates. 
Tensile strain per square inch, 38 tons. 
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Probably the spiegeleisen used for this purpose is selected with especial 
care and may contain as much as eleven per cent, of manganese without 
an increased proportion of carbon. By a proper system of testing the 
ingots, as described above, there should be and is no difliculty in ascer- 
taining just what percentage of carbon is contained in the metal, and so 
selecting ingots that are suitable for this purpose. With the superior 
franklinite that we possess, together with the purer irons, there is, 
apparently, no reason why we should not produce most excellent plates 
in large quantities, as is already done in Anuria. 

The manufacture of axles is carried on to a considerable extent, both 
for locomotives and railway carriages. Locomotive crank shafts are now 
more frequently made of this material than any other, and with a far 
greater exemption from breakages. These are usually forged from large 
rectangular ingots, and twisted to the proper angle as in the case of iron. 
To bring these large masses down properly with economy requires very 
heavy hammers, and to meet this want Mr. Eamsbottom has erected to 
Crewe a thirty-ton hammer, on his patent duplex principle. In order of 
dispense with the costly foundations necessary to sustain the impact at 
the falling tup in large hammers, Mr. Eamsbottom designed about five 
years since a hammer in which the blow should be struck by two heavy 
masses mounted on wheels, and mo\ing horizontally in opposite direc- 
itons, so that their momentum should be annihilated in striking the ingot 
placed between them. In the first of these hammers, in which the weight 
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of each tup was ten tous, the cylinder was placed vertically in a pit 
beneath the hammer and the piston, connected by inclined links to each 
tup, so as to communicate motion to them on the rails. The ingot was 
supported on a suitable table, or between a pair of stout centres, which 
again rested on a platform capable of being rocked slightly to maintain 
the ingot always exactly in the centre of the motion of the tups. A 
number of these hammers are at present in use, and though they con- 
stitute the first development of a new idea, they do their work tolerably 
well, though they need a greater amount of care than an ordinary ham- 
mer. In the thirty-ton hammer which has been more recently built, the 
design has been somewhat modified, and greater simplicity obtained. 
In this the steam cylinders are horizontal, and placed directly behind 
each tup, the piston rods being secured to the latter by an elastic pack- 
ing, so as to relieve the piston from the shock of the blow. To control 
the motion of the two tups, so that they shall always meet at the same 
point, a five-threaded screw with a diameter of six inches and a nine-inch 
pitch, or once and a half its diameter, is placed beneath them, the thread 
being cut left-handed at one end, and right-handed at the other. A nut 
secured to the bottom of each tup works on the portion of the screw 
beneath it, and as the screw revolves in its bearings each tup advances 
by the san^e amount. This arrangement is found to work with but little 
friction, and is not liable to derangement. The valve gear is made to be 
worked by hand in the ordinary way. The size of the cylinders and 
pressure of steam are so proportioned as to make the pressure on each 
tap the same as its weight, and the blow struck by this hammer is 
therefore the same as would be given by one of the tups falling by 
gravity through a distance equal to the combined stroke of the two tups, 
or seven feet. These hammers have been constructed by Messrs. Th waites 
& Carbutt, of Bradford, who have had great experience in this line of 
business, having perhaps supplied more hammers to the steel-makers 
than any other firm. With the heavy hammers just described, the large 
ingots for crank axles are brought down to the required size and shajje 
in a very short time. At Crewe it is usual to put two of these ingots 
into the Siemens furnaces in the evening, and allow them to heat slowly 
(luring the night, but one man being required to be in attendance, and 
then to work them off under the hammer in the morning before breakfast. 
In sawing off the ends of his finished axle forgings, Mr. Ramsbottom 
employs a saw seven feet six inches in diameter, running at about nine 
hundred revolutions per minute, or a speed on the edge of four miles per 
minute. The cheeks are also sawed out preparatory to turning the crank 
wrists. 

In concluding the account of the Bessemer manufacture, as at present 
conducted in England, we may observe that while the amount produced 
is far in excess of that to be found elsewhere, yet from the close compe- 
tition between the different makers tending to favor the use of the 
cheapest materials, and from the naturally rather inferior character of 
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the native iron employed, the quality of the metal is not equal to that ' 
produced in countries using better materials. Accordingly the uses to * 
which it has been chiefly devoted have been rails, tires, and axles, ■ 
together with a certain amount of plates. ^Notwithstanding this there '"^ 
have been produced, when proper substances have been employed, m 
specimens of the metal which seemed able to undergo almost any test i 
that could be devised. It has been spun into ornamental vessels of shapes i 
such as would bring the most severe strain on the metal without exhibit- ^ 
ing any sign of cracking, or bent into the most -crucial shapes, with equal ^ 
evidence of its toughness. We shall see on examining the product of f 
other countries that such qualities in the metal are not at all exceptional, 
but that when steel of great hardness is not intentionally produced, they 
always exist. 

SWEDEK 

An examination of the specimens of Bessemer steel from Sweden in 
the Exposition shows us that the metal there produced is of a far supericMP «. 
character to that made in England, and naturally leads to inquiry as to li 
the cause of the difference, and whether we may hope to attain the same ^ 
success in the United States. First we observe coils of wire of all sizes, 
down to the very finest, such as INo. 47, or even smaller. This they have 
not been able regularly to produce in England. In the next place we 
notice a good display of fine cutlery, and the writer is informed by a com- a 
petent authority that this metal answers so well for this purpose that it * 
is now used almost to the exclusion of any other. This statement is cor- »^ 
roborated by the fact that in the miscellaneous classes of the Swedish ^ 
department, where cutlery occurs not as an exhibition of steel, but merely :; 
as a display of workmanship by other parties in the same manner as other ^ 
articles of merchandise, cases of razors are exhibited with the mark of , 
the kind of steel of which they are made stamped or etched upon them. > 
as usual, and these are all "Bessemer," but from a variety of different 
works, viz: Hogbo, Carlsdal, Osterby & Soderfors. The ore used in ~ 
Sweden for producing iron for the Bessemer process is exclusively mag- 
netic, and of a very pure quality. An analysis of a mixture of those used ,^ 
for the iron employed at the Fagersta works before roasting gives the ^ 
following composition: *^ 

Carb. acid 8.00 ^ 

Silicium 17.36 ^^ 

Alumina 0.95 s— 

Lime 6.50 ,_. 

Magnesia 4.35 

Protoxide of manganese 3.36 

Magnetic oxide 32.15 

Peroxide of iron 27.40 ,' 

100.06 
Phosphoric acid 30 
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All the pig made from this mixture of ores the exhibitors state wiU 
give a steel without the use of spiegeleisen, which is not at all red short. 

The analysis of gray iron from the same works, used for the Bessemer 
process, is given as follows: 

Carbon combined 1.012 

Graphite 3.527 

Siliciuni 0.854 

Manganese 1.919 

Phosphorus 0.031 

Sulphur 0.010 

The cinder, produced at the same time as the gray iron, shows on analy- 
sis a composition of— 

SiUca ' 53.30 

Alumina 3.00 

lime 21.10 

Magnesia r 13.95 

Protoxide of manganese 7.85 

Protoxide of iron 0.90 



100.10 



The analysis of mottled pig, (la fonte truitSjJ consisting of two-thirds 
gray and one-third white, is — 

Carbon combined 2.138 

^1 Graphite 2.733 

vl Silicium 0.641 

Manganese 2.926 

Phosphorus 0.026 

Sulphur 0.015 

Of each of these it is stated that the steel produced without the employ- 
ment of spiegeleisen is not at all red short, (cassant h chavdj The most 
noticeable feature in the composition of these irons is the large percentage 
of n^anganese which they contain, together with the extremely minute 
proportion of sulphur. The latter quality is due to the exclusive employ- 
ment of charcoal in the blast furnaces, together with the adoption of a 
very high temperature in the roasting kiln. These latter are constructed 
on Westman's patent, and are made very high and heated by the waste 
gas drawn from the blast furnaces. The heat is carried as high as is 
possible without agglomerating the materials, and by this treatment the 
ore is changed from a hard and compact substance to a very porous one, 
while at the same time it is stated that any percentage of sulphur less 
tiian four per cent, is driven off. The blast furnaces are very small, being 
generally but eight feet in diameter at the boshes and about three feet 
at the hearth, with a height of forty feet. With these ores prepared in 
this manner, such a furnace will yield from seventy to eighty tons per 



It! 

el 

]] 

tk 



80 PARIS UNIVERSAL EXPOSITION. 

week. It is thought by the best informed engineers in Sweden that thei 
furnaces should be made larger, and in future they probably will be s< 
but these dimensions represent the furnaces that now exist, and wil 
which the iron in use has been produced. 

In the process of conversion, from motives of economy, a fixed form < 
vessel is employed, instead of one mounted on trunnions, as in Englar 
and elsewhere. The tuyeres, about nineteen in number, are placed hoi 
zontally just above the bottom of the vessel, and are inclined a little fro: 
a radial direction so as to give a rotary motion to the mass of molten meta 
An air passage surrounds the vessel at the back of the tuyeres, with 
movable plate opposite each to allow access to them. The upper portio 
of the vessel, from the line of the top of the blast passage, is made removj 
ble, for lining, &c. ; the bottom of the vessel is slightly inclmed toward 
the taphole, so that the whole of the metal and slag may run off. Tli 
metal is run in at a spout in the upper portion of the vessel, and from th 
fixed position of the vessel it is of course necessary to have the blast oj 
all the time that the metal is being run in and drawn off, to prevent it 
flowing into the tuyeres. This fact must make it more diflftcult to regii 
late the exact amoimt of decarbonization of the metal, and tend to rende: 
the last portion drawn off overdone. The removal of the cinder remain 
ing in the vessel after a blow is not so easily accomplished in the fixe^ 
vessels as in the revolving one, as ordinarily used. 

Accompanying the analysis of ores and irons, given above, the Fagerst; 
works exhibit an analysis of the slag from the converter, taken at th. 
close of the process, and it shows the composition to be as follows: 

Silica 44.5 

Alumina 10.^ 

Lime 0.^' 

Magnesia 0.4= 

Protoxide of manganese 24.^ 

Protoxide of iron '. 19.4 

100.3 



The case of specimens exhibited by these works is the mostinterestiix 
by far in the Exposition. It contains a most extensive collection of piece 
of various forms, with which a very elaborate set of experiments has ju^ 
been made at Mr. D. Kirkaldy's testing works at London, the result < 
which will be found in Appendix D. The samples are classified accord 
ing to the percentage of carbon which they contain, and have been teste 
to show their action under strains of tension, compression, torsion, ben^ 
ing, and, in the case of plates, bulging. 

The amount of carbon contained in the steel varies from 0.1 to 1.50 p€ 
cent., though most of the exi)eriments were made between the limits <^ 
0.3 and 1.20 per cent. In addition to the large collection of test pieced 
they exhibit some railway carriage axles containing 0.3 per cent, of carbon 
one being bent double with a radius of curvature at the bend of about I 
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inches ; u locomotive axle contaiiiiug 0.4 per cent., aad a tire having 0.5 
i>er cent, of carbon. There is, also, aa alreatly mentioned, a fine display 
of cutlery, razors, some beaiitifW hand mirrors containing 1.0 per cent., 
a small drill containing 1.50 per cent., with a plate beside it containing 
1,00 per cent,, through which it had drilled several holes ; a number of 
long tnmings taken off in a lathe, showing remarkably the absolute con- 
tinuitj' of the grain — one of 0.3 jieJ cent, of carbon measures 36 feet in 
length, and is closely coiled with a diameter of about ^^^ inch ; another 
of 0.9 per cent, is 27 feet long and slightly leas in diameter. There are 
also a large number of files, and, as previously mentioned, coUs of wire 
of all sizes, and apparently any required length. A very interesting table 
of results was obtained from a series of eleven small sfiuare bars con- 
tuning varying percentages of carbon, as follows : 
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Strength of steel containing different amounts of carbon. 
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insTire the production of a metal tit Bimilar excellence to the Swedish, i 
like this, much superior to the ordinaiy metal produced in England. 
The principal works in Austria are at !Neuberg, in the provinci 
Stgria, and are carried on by the government. The iron is obtained f 
spathic oies smelted in two fuTnaeeB 43 feet high, and yielding from 
to 150 tons per week. The iron produced is found by analysis to con' 
3.46 per cent, of manganese, and, aa in Sweden, it is used for recarl 
izing in the place of the usual spiegeleisen. Originally a fixed ve 
was erected at these works similar to those used in Sweden, but this 
been saperseded by a pair of three-ton vessels of the ordinary const 
tion. Fixed or Swedish vessels are, however, still in use at other Ausb 
works. The metal is run directly from the blast furnaces into the i 
verters. Very interesting tables ai^ exhibited by these works, giA 
analyses of the iron and slag at five periods in its conversion fron 
condition as tajiped from the furnace to its final state as Bessemer m( 
These are extremely interesting from the light which they throw u 
the relative rapidity with which the components of the pig iron 
attacked by the blast, and the permanency of some ingredients, sucl 
phosphorus and copper, during the entire process. The results art 
follows : 

Analyses of iron and slag during conversion to steel. 
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From each charge blown at these works a small test ingot is cast, and 
18 is immediately reheated and subjected to a number of tests to ascer- 
in the quality of the steel ; and according to the results of these trials, 
[ the metal produced is divided into seven grades of varying hardness, 
). 1 being a blue steel, containing from 1.12 to 1.58 per cent, of carbon 5 
d IN'o. 7 a soft iron, with from 0.05 to 0.15 per cent. 
The test employed consists in hammering the little ingot into a bar, 
d subjecting it to severe working on the anvil, in a way which would 
ad to crack it if of a red, short nature, or of inferior quality. It is then 
lated and plunged into water, and the amount of hardening produced 
oved by striking it with a hammer, and observing the amount of flex- 
« produced. It is then heated again and bent over upon itself and 
elded into an eye, the welded portion being drawn out to a small see- 
on and broken off. These tests take but a short time, and the expense 
C making them is insignificant in comparison with the accurate know- 
Bdge thereby obtained of the nature of the steel and the purposes for 
rhich it is suitable. As a rule, the steel produced at the iN'euberg works 
lelds with great facility, and, in fact, all the tires produced here are 
telded as in the case of iron. A table of the tensile strengths and other 
properties of steel, of the various classes below No. 2, is exhibited, and 
is as follows : 

Tensile strength and other properties of steel. 




entage of combined 
(vbon. 
1« strength, tons, per 
^1 iqnare inch. 

Bribility 

oning 



0.88 to 1.12 

63.13 to 74.61 

0.05 

With care 

Very well, as hard 
cast Bteel. 



No. 4. 


No. 5. 


No. 6. 


0.62 to 0.88 


0.38 to o'.m 


0.15 to 0.38 


51.65 to 63.13 


40.17 to 51.65 


34.43 to 40. 17 


0.10 to 0.05 


0.20 to 0.10 


0.25 to 0.30 


Very weU . - . 


Very well . . . 


Feebly 


Very well . . . 


Very well . . - 


Very well . . . 



No. 7. 



0.05 to 0.15 

28.69 to 34.43 

0.30 to 0.25 
Not at all. 
Very weU. 



The softest grade is used for wire, sheet steel, &c., and the higher 

ibers for boiler plate, gun barrels, axles, tires, tools, and cutlery, 

)rding to the hardness required. 
A printed list gives the price of the steel in various forms delivered at 

works, which, reduced to gold dollars, is as follows: ingots, $77 50 5 
$138 ; boiler plate, $145 50 ; tires, $155 50. These prices are little 

re those charged in England, where coal is abundant and an inferior 

lity of metal produced. 



PEUSSIA. 

In other countries than Sweden and Austria, we find nothing that 
iits any remarkable feature not to be found in English practice. Of 
ftttrse, Krupp is far ahead of all others in respect to the size of the masses 
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that he casts. He exhibits in the Exposition a 40-ton (40,000 kilograms) 
ingot, intended for a crank shaft, which he states was cast from cruci- 
bles. His process of. making tires is similar to that in use in England. 
He first makes a bloom about 6 feet long and 13 inches by 10 inches, and 
then cuts tliis up into sections of the required weight. A slit is cut 
through the middle of these, and they are then worked out into an annu- 
lar form, and afterwards rolled on a mill of a construction similar to those 
in use in England, with the exception that the bed, instead of being hori- 
zontal, is vertical, as if one of those machines were turned up on its edge. 
Two mills, one for roughing and one for finishing, are employed. His 
tire-heating furnaces are placed in a pit at the side of the mill, and are 
similar to the furnaces of a brass foundry, the tires being laid on the fire 
by a central crane. 

FEANCE. 

The French also exhibit good specimens of Bessemer metal, but, as 
already stated, there seems to be no marked advance on what has been 
accomplished in England, and it will not be necessary, therefore, to 
notice in detail the articles they have brought forward. 

The manufacture has been established at six works, and the produc- 
tion, in 1866, was as follows : 

Ton* , 

Oompagnie de Terrenoire 1,53'2 

Cie. de Chatillon, Commentry 5^ 

Society d'Imphy, St. Seurin, (Jackson's) 4,8S^^ 

S. Menans & Cie OOC 

De Dietrich & Cie 4S€ 

Petin, Gaudet & Cie 3,8S3 

Total 10,701 



Of this product, 3,687 tons were in the form of rails. In 1863 but three 
works were in operation, with a total product of 1,857 tons. At the 
present time the metal produced in France by this process does not 
stand as high in the opinion of iron-masters as puddled or other steel- 
It may be that this is due to the nature of the pig iron employed, or it 
may be due to a lack of experience in the manufacture as compared witli 
other nations. 

At the works of Messrs. Petin, Gaudet & Co., near St. Etienne, a pair 
of six-ton converters have been erected, and a single vessel, capable at 
present of producing a charge of eight tons, and in which it is expected 
to make twelve-ton charges when the lining becomes reduced in thick- 
ness. This is the largest Bessemer apparatus in France. 

Submitted by 

FEEDEEIC J. SLADE, 

Scientific Assistant to Committee No, 6. 

Paris, June 15, 1867. 
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APPENDIX B. 

TABLE SHOWING SEVERAL MARKS OF SWEDISH IRONS. 



Mark. 



S: B: 
W . ^ 

ICP 

,RI, 
AB 



GIF 

in 







ER 



\ro} 



% @ 









Name of workB. 



HSmefon 



Oloftfon 



Robertsfora . 



Safvare 



Bjorkft 

Fonne 

Gnminge 

SoUbfteft 

GaltstrSm 

Gide& 

G&hlq5 

L6gd6 

Matfors 

Norafora- 

SSrfora, etc 

Torpshammar . , 

Westtanft 

Aviken 



Poit Office. 



Annual 

production 

in ons. 



Principal ores. 



PROYINCK OF NORRBOTTXN. 




PROVINCE OF WESTERBOTTEN. 



Umnea. 



Nordmaling 



Anftsen. 



Umnea 



1,100 
300 

600 
180 



From middle of Sweden. 



Id. 



Id. 



PROVINCE OF WESTER NORRLAND. 



Nyland. 



^Nylaad. 



Snndsvall 



Omskoldsvik 



Nyland. 



SnndBwall — 



Id. 



Id... 



Id 



Id... 



HemSsand 



SundBwall — 



150 
1,400 

380 
350 

170 
175 
200 
175 

600 



230 
340 
130 



From Lenaberg, Norberg, 
andUto. 

Id. 



From nt5, Bispberg, etc. 



From Lenaberg, Norberg 
andUto. 

From Stochenfttrom, nt5, 
etc. 



From Staf. 



From Roglag. 
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Mark. 




• . » 



• • 



npsi (PS 








6 



0©^ 




'WJ* 



K^«,liii(BHl 



X 



Namo of works. 



Kloten and 



Granhnlt . . 

SKorsi and 
STurtnfts.. 
Larsbo 



Lim& and 

Nora& 

Lindesnaei 
8n5& 



Lndvika 



L&ngo. 



Malingpsbo . 



Norn. 



?Nors& and. 
>OIof8fora .. 



Nybp.mmar 



Siljansfors. 



Stjemtmnd . 
Tburbo and 



Wikmansbyttan 
(Cast Btoel.) 



BHgg&. 



Bemtsbammar 



Bjnrforg. 



Engelsberg... 



Fagersta 



Fema, 



Post Office. 



] Kdping or 
J Ramsberg 
Falnn 



Sinedjebacken 



^ Gagnef . 
Falun . . 



Gagnef. 



Smecljebocken . 



Mora. 



Wik 



Hedemora. 



> Sme^ebocken . 



Id. 



Mora. 



Hedemora. 



>• Hedemora. 



Annual 

production 

in tons. 



\ 



980 

1,600 
600 

920 

1,500 
900 

1,600 
270 
510 
280 
230 

l,6C0 
280 

280 
760 



Principal ores. 



From Grtngesberg, 
berg, and Ramsbe 

From YinQem and 
narftng. 

From Ottanberg, No 



From Tuna Hftstbei 

From Grftgberg. 
From Sommarberg, 

From Ivike, Fram 
berg, Finn&s and 
berg. 

From Gr&ng^Bberg, 
From Bipsberg. 



From Gr&ngesberg 

Ivike. 
From Sorskog, etc. 

From Bispberg and 
berg. 

From Biitpberg and 
berg 



PROVINCE OF WESTERNS. 



Kdping 



Id. 



Norberg.., 



Id 



Id. 



KSping. 



From Grfiaberg anc 
berg. 



From Norberg. 



Id. 



Id. 



From Grilsberg, Ny 
and Gr&ngesberg. 
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Mark. 



iBR ilHUIH 



3^ 



c% 



¥ 



P*BJ 




iSP; 
G2 GH 

.••■"• •-•. 

•...-■ '.A- .• 



g) (g) 




• • 




^m\ 



® 



l\0 

m) (g) 




@ 



OK.*) 



[dfcI 



Name of workB. 



Giilarbo. 



Hallftahammar . 



HSgfon and ^enho. 



jftder 



^ Karmansbo, etc . 



^Kolsva. 



Ramnfts. 



Seglingsberg 



SkattmansS 



Skixniflkatteberg , 




Surahammar 



Svanft 

Tr&ngfori) 



Uttenberg 



Westanfora. 



Wirabo. 



Aspa. 




/• * •. 




(CRJ 




^Bofora 



Hohr. 



BredHJo 



Brefven 



B&ngsmedjaii 



Post OfBce. 



KSping. 



StrSmiholm 



N'orberg. 



Ari>oga 



Koping. 



Kdping. 



Wester&8. 



Id. 



EnkOping 



KSping. 



Westerftg. 



Id 

Stromaholm 



KSping. 



Norberg. 



Wester&s . 



Annnal 

production 

in toni. 



900 



450 



350 



j»0 



1,300 



1.200 



940 



430 



260 



660 



1,400 



760 



190 



340 



190 



430 



Principal ores. 



From Riddarbytta 



From Norl)erg. 



From Morberg and Gr&n- 
gMberg. 



f*rom Stripa, etc 



From Ostanberg, etc 



From Norbei^. 



From Bill^jS and Norberg. 



From Norberg. « 



Id. 



From Gr&sberg, Tysk- 
grafva, etc. 

From Norberg. 



PROTINCS OF 5REBR0. 



Aukersund 



Carlskoga . 
Lindesberg 



Nora 



KilsmoW. S. B 



Nya Kopparberg 



490 



1,000 

160 
170 
350 
140 



From Nora. 



From Persberg and Nora. 

From Lomberg, etc. 

From O^oberg, Grondal, 

etc. 
From Nora and Lanua. 

From Lomberg, etc. 
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Mark. 



Name of works. 




Degerforg . 
Degerfors N. 

EifiBtorp 



Fr5tnna . 




I •• 



!iF .W W5 



6 



ao 

s 

a < 
o 



o 



Gammelbo. 
Fixm&ker . . 

GrSnbo 

Ramshytta. 



Garpbyttan 



Gryn 

Haddebo 0. 

Haddebo N. 
Hammarby. 
Hasselfora.. 



KSl»\ C 



•• • 

;ifij 



SxL 



© 

PV 

K- 





cws 




Mn 



® 



1 



Hellefors. 



HSgfors 



La88&na 



Lax&. 



Pet«rsfor8 



Ramoberg 



Ramshytta 



Rockesholm 



Rockhammar. 



Sikfors. 



Skogaholm , 



Skyllberg 



PoHt Office. 



Atorp 



Animal 

prodaction 

in tons. 



Begerfora N. W. 
S.B. 



Nora. 



Arboga 



o 

s 

§ 

o 

p« 

S 

o 



Ramsberg 
Arboga... 

Id 

Nora 



v/ftbro 



P&Isboda W. S. 
B. 

Id 



Id. 



Nora 



Haaaelfors N. W. 
S.B. 

Grythyttehed. . 



Nya Kopparberg 



Lax&W.S.B. 



Id. 



Nora. 



Ramsberg 



Id. 



Nora. 



Arboga 



Grythyttehed. 



P&lsbodaW.S.B 



Hallaberg W. 8. 
B. 



150 
850 

720 
390 
270 
1,050 
220 



Principal o 



From DalkarlHl 
Striberg. 

From Persberg, 
berg, Striberg 

From Hogbom. 



120 



260 



1,020 



210 



290 



1,000 



600 



2.810 



^ From Ramsl 
Pershyttn. 



120 
430 
850 
150 
150 

140 
260 
1,050 
150 
510 



From Pershytta 
grafva, etc. 

From Nora. 
Id. 



Id. 

From Hagby, 
etc. 

From Dalkarlrtb 
berg and Vike 

From Lomberg r 
vik, etc. 



Id. 

From Nora. 

From Dalkarlrtb 
berg, and Vik( 

From Jerubo&H. 
From Str&aaa an 

Id. 

From Skarhytta 
born. 

From Stripa, Mo 
etc. 

From Finuberg, 
From Nora. 



800 From Nora. 
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„„. 


MauB or woikt. 


F«l OfflFS. 


p.^"uL 








Srurtl N.W.S.B 

Csflrtop. 


500 
130 






Tik, .10. 




bsrK.VIker.&Penber;. 


wmiogtlwrg 

Wrcthumiuir 

ibjluunn,u 




RwDiberg 

A'bng* 


Froma.r4»»R»naBl.nk., 


* @ 

iw; 

BS 


PROVWCS Of alC*HiBOBO. 




Karl-borg 

MoholmW.S.B. 
MulMtad 

fl.B. 


z 






li 


B]bbli«iRm 

BkBgenbcdni 


B. 


'"""■"""""■ 








150 
3,000 

425 
550 






VST'-" ..- 




IK 


[<«..„._... 


From Penberg, Dalkarli- 


© 


iBorgviknd 

Bnttfon. etc 

Clu.rlDttn.bBrg .... 


fosrbtud 




k/ 

A 




Fron, r,.r>,h=rg Dad NorS. 


Carl.ua 


OPS 










BKS 
^ AJ.Ct 




bylla. 








H«lrb«di>ron. 


Grytbytleftefl . . 


Pr<™ Pemhorg, BjqrD. 
hojde, Fngvrbfrg, and 
Lluevim. 
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Mark. 



k: 

Cffl KB 



P\ 



BE 



UvA 



OPS 

c 



RF,CF.IE,Uf. 

Ml @ 

K: PIG 

K- OL 




• * 



(S* LNS 



OAS Mvl 





m 



$L Nm 



INN 

® 



IGG 




® 









W 1.9 Hj ©) 

6^6 




•;ii": 

Ctf SB 

• •••. 

•••• 

• • •• 

CV UG 



Name of works. 



H&kaubol 



HSgfors 



Kols&ter.... 

Krontorp 

LennartHfon. 



Le^Sfon... 
Lethafon . . 
LideforsO. 
Lidefors N 
Lindfon ... 
Ldfutaholin 



Mitandersfors. 



M51nbacka 



Niclaadam. 



Noreborg. 



Nonun 



Qvamtorp. 



Rans&ter 0. 



RaniftterM. 



Rangftter N. 



Rottnedal 



Rftmen or Li^ endal . 



> Storfori 



Stdmned 



Svaneholm 



Post OiBce. 



Atorp 

Sunne 

Okne 

Christinehanm 
Okne 

FiUpstad 

R&da . 

Atorp 

Id 

Carlstad 

Sunne 

Id 

Carlstad 

Christinehamn 

Arvika 

Carlstad 

Id 

Id 

Id 

Id 

Snnne 

Fllipgtad 

Christinehamn 

Caristad 

ImM 



Annual 

production 

in tons. 



Principal oreii. 



290 

630 

210 
370 
800 

1,200 
220 
150 
160 
850 
280 
200 
850 

280 
140 
150 
170 
160 

180 
160 
640 
680 

1,530 

260 
460 



From Dalkarlsberg. 



! $1 






E 



From L&ngban and Penn ^ 
berg. _ 



From Dalkarlsberg ami 
8triberg. 

Id. 






a 



From Persberg. 



V 



■I 



From Peruberg. 



From L&ngban, Pentberg, 
and Filipstad. 

From Persberg and Ny- 
kroppa. 



From Filipstad. 
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Name of works. 



Sftlboda 



Thoriby. 



'^B: 






Uddeholm 





wBF/ 

d;= (lf: 

IGE 

b) GM 

KB) 



WagggArda. 



Wftgsjofors. 



Post Office. 



Arvlka. 



Soime. 



R&da. 



Christinehanm. 



Sunne. 



Annnal 

prodnctton 

in tons. 



1,230 
630 



4,300 



230 
170 



Principal ores. 



From Persberg. 



From Taberg, Nordmark, 
Persberg and L&ngbau. 



PROYINCE OF ELFSBORe. 



Bftckefors 



Christineda] 



} 



Forsbacka. 



€> 














BR 



I-B 



Kollero.. 
Upperad 



Im&l 



Id 



Id 



Uddevalla . . . 
Wenersborg. 



1,520 
460 

390 

700 
320 



From Persberg. 



PROYINCE OF NTKdPIMa 



Forssa 

Fors^jo 

SZrftmbol 

Nyby 

Nykoping 

Skepsta (steel) 

Smedstorp 

Vir& 



Katrineholm W.S.B . 

Id 

Id 

TliorsbaUa 

Nykdping 



Bj5mlnnda W.S.B 



MalmkSping. 



Norrkoping. 




From Skalunda, etc. 



From Staf. 



PROVINCE OF 5STERa5TLAND. 



Borgg&rd. 
Borkbult . 



TJellmo 



Sdderkdping. 



260 



190 



From Ut5, etc 
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Bb 





tGe 



F.C 

N:G 



Name of works. 



Boxholm 



Bdrggj51. 



C:F; 

Mi 
CDB 



•• 



H 




(NT) 
>t« ' 

'""i- 




S-C 



.m 



E 






sFinspong. 



FolkstrSm 



Godeg&rd 



GrytgjSl. 



Halt 




H&fla 



Hftttorp 



Ljung 



Lemne& 



Motala Werkstad 



Skonnarbo 



Ankargram. 



Ed 



Falsterbo 



Fogelforg. 



Tofverum 



Ofvermm 



Post OiBce. 



Boxholm 



Norrkoping. 



Id. 



TJellmo 



Hall8bergW.S.B 



TJellmo 



Annual 

production 

in tonB. 



640 
160 



2,200 



Norrkoping. 



Id. 



TJellmo 



Linkoping. 



TJellmo 



Motala 



I^Jellmo 



Sonttorp Norrkoping 



510 
270 

180 
250 

600 

no 

550 
310 

2,100 

380 

550 



Principal or 



From Upsala, 
Ut6, etc. 



From Nora and S 



From Nora. 



PROVINCE OF CALMAR. 



Weatervik 



Soderkdping 



Westervik. 



Staby 



Wimmesby. 
Atvidaberg. 



From Stenbo, 
Sjoaa, Herrttng, 
berg. 

From Stenbo, ] 
Uto, and Narto 



From Skramstad, 
and Uto. 

From Striberg ai 
sta. 



From Sjosa, Ut( 
ntts, Olofsrura, 
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Mark. 



¥i- 



■^\ 



■S":! 



iSj 




IFN 



IS 

: 1\ 




ai 



Name of work». 



Eck^nholm 
GSthafon . . 
H6rle 



Lindefon 
NisBafora . 



B5kBholm .. 
Klafiregtrdm 



Ltessebo 

Orrefon — 

Stenfors 

S&f^dgtrfim. 



Post Office. 



Annual 

production 

in tons. 



Principal ores. 



PROyiNCE OF jdNKdPING. 



J5nk5ping 

Id 

Wemamo 

Wrigstad 

J5nk5ping . 



140 



180 



390 



290 



Prom Taberg. 



Id. 



Id. 



Id. 



370 From Taberg and Nora. 



PROVINCE OF KRONOBERG. 



Wexi6 



Id. 
Id. 
Id. 
Id. 
Id. 



160 

150 
240 
240 
210 
190 



For information as to the prices and qualities of the irons, one can write directly to the forges themselves, 
or example: * ' Brakskontoren & S&fsj58trom, Wexi5, Sweden;" or: " Bmkskontoret & Nissafors, J&nk5p- 
«, Sweden," etc. 

But as all the marks are not indicated here, and since all the forges have agents, it will be better to ask the 
vne of their agent, -who will be able to give all the necessary information. 
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APPENDIX 0. 

LUNDIN'S FURNACE. 

The following table shows the results for the first year of working ( 
the saw-dnBt heating furnace, at Munkfors during the year 186fi, con 
pared with the results ohtained from the charcoal furnaces of the Societ; 
of Uddcholm. The two coal furnaces served at the same time a 
reserves, and have only been worked when the other was under repain 
During the first six months the yield was 789 tons of bar iron, and t 
the last six months 1,013 tons, of which 667 tons was during the laa 
three months, or at the rate of 2,229 tons per year. 

The column containing the consumption of carbon of wood not cokei 
per ton is calculated on the assumption that a cubic foot of charcoB 
contains eight pounds of pure carbon, and that 50 per cent, of the rid 
ness of the wood in'earbon is lost in coking. The column shows, thew 
fore, the real consumption of carbon per ton of iron made. 

In comparing the consumption of fuel in the saw-dust furnace witi 
that of the charcoal furnaces, it will be seen that the first was able t 
heat three hundred weight of iron with the same quantity of combiist: 
ble that the latter would have required for -one hundred weight, ao. 
this though the former works with wet fuel. 

The latest results of the saw-dust ■ furnace are as follows: FroT 
November 10, 1866, to April 18, 1867, or during 105 days of 24 hours, 
yield of 926 tons of bar iron, with a waste of 12.04 per cent., and wll 
268 cubic feet saw-dust per ton of iron. One week showed a yield i 
56.18 tons, with 219 cubic feet per ton, the waste being only 9.9 per cen 
At present the waste does not exceed 11 per cent. (April, 1867.) 

Table shovnng the results of the workmg of the saw-dust furnace at Jfun£ 
fors during tlie year 1866, comparatively, with the results obtained frm 
the charcoal furnaces of the Society of UddcJtolm, 
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1, 53a, 30 
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Tbe prsowllus four jeans, bv- 
CbarcDSI furnace al Sljf mfars 


2(i3.a 
SflB.) 


1,024.08 
l,OT8,77 

1,087,73 
I.OOS-,65 


54, la 
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836. m 
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23, aa 
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IRON AND STEEL. 103 

EXPLANATION OF LUNDIN'S FURNACE. 

Plate I. 

All the parts of the fdmace are easy to manage, and all the work is 
legalar and solid. The reheating furnace is rarely repaired oftener than 
every five or six weeks ; the repairs only reqnire one or two days at 
most. The most frequent are only the upper portions of the regenera- 
tors, which require to be changed. The condenser is only opened and 
examined two or three times per year. The gas generator is not cleaned 
during the week, unless this precaution is rendered necessary by the use 
of impure saw-dust, or dust mixed with sand; and, in any case, this 
presents no obstacle to the work. Usually the cinders formed during 
Ihe w^k are piled at the side of the neighboring wall every Saturday 
evening when the work is finished, and it is not necessary to undertake 
a careful cleaning or to remove the refuse, except when the generators 
He prepared. The tube of the conduit between the gas generator and 
fte condenser requires to be cleaned every week ; but this cleaning, 
which can be easily made during the working of the furnace, does not 
fievent the heating. Also, generators of a larger size require cleaning 
much less often. 



IM! 



SUPPLEMENT BY LUNDIN. 






^1 fl. This is only the hygroscopic value of the water. Dust containing 
d I larger quantity of water may be employed. Fresh dust often contains 
SO per cent. That^containing 60 per cent, cannot be used long alone, 
(this makes 80 per cent, by the addition of the chemical water,) but, 
ittixed with pieces of wood or with good dust, it may be employed with 
Jadrantage. 

I 6. The quantity of carbonic acid may be removed by the use of quick- 
J lime in the condensing water. The lime may subsequently be used for 
I agricultural purposes, but the effect of the acid is seldom considerable. 
c. The auxiliary furnace has worked since January, 1866, from the 
same generators and condensers which belong to the heating furnace. 
At present 21 to 28 cubic feet of saw-dust are consumed for the heating 
and incandescence of a hundred- weight of iron in bars. In the charcoal 
gas ftunace 10 J to 13 cubic feet of coal are employed, and sometimes 
more. Consequently, the real consumption of carbon in the latter is 
100 pounds to one hundred- weight per hundred-weight of iron, on account 
of the loss by the burning of the wood. 

L The two or three upper layers of the generators of, the heating fur- 
nace must ordinarily be renewed every four or six weeks, but the other 
layers, as well as the regenerators in the auxiliary furnace, last much 
longer, 
y, z. Tube for the water which cools the gas by means of eight streams 
living a diameter of \ inch. The jets are broken against points of copi)er 
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directed towards the centre of the openings of the jets. The pressure of 
the gas in all the conduits is J inch of water. 

Condenser of cast-iron plates. — This contains 3,700 pounds of iron, in 
bars, kept cool by water from the pipe y y, in order to cool the gas and 
precipitate the water. Fifteen and a half gallons of water, heated to 
30O Centigrade, flow in a minute when working with the reheating fur-; 
nace alone. !N^early double will be required when working with the aux-i 
iliary furnace at the same time. 

Thirty-six gallons of tar are collected per week. 

The tube y y turns back and forward by an angle of 120^, to wet the: 
bars, situated below, by means of small holes. ^ 

Reheating furna<ie with Siemens^ regenerators, — The furnace may be ; 
placed at a long distance from the condenser. The temperature calcu- \ 
lated from the cold air used to burn the gas is about 2,000^ Centigrade, v 

The following shows the composition of the gas, which is the same I 
before and after the condensation: 



Constituents of the gas. 



Carbonic acid 

Carbonic oxide 

Hydrogen "l 

"Marsh gas" 

Nitrogen 



Volume. 

11.8 
19.8 
11.3 
4.0 
53.1 



Weight 



19.6 

20.8 

0. 

2.4r 

56.3 



The mixture before condensation contains 33 parts by weight of wateor 
to 100 of dry gas. (For other details, see explanations upon the plate.) 
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General abstract of the reaults of experiments to ascertain the mechanical 
properties, &c., of twelve hammered bars of Fagersta steel of various 
d^ees of hardness, manufactwred by Christian Aspelin, esq., Sweden. 
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General abstract of the resulUi of ftcpmmeitto, tfec — Continued. 
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APPESDIX E. 

"TBANSCRIPTS of PRUSSIAN, FRENCH, AND ENGLISH LAWS, UNDER 
WHICH CO-OPERATIVE ASSOCIATIONS ARE ORGANIZED. 

PRUSSIAN LAW GliAKTING CORPORATE EIGHTS TO 
CO-OPEIIATIVE ASSOCIATIONS. 

We, William, by tlie graco of God King of Pnissia, &c., enact, witli 
I ftp consent of the two houses of our Landtag, aa follows : 

Part L — Of the fobmatiom of the association. 

Seotion 1. SofietieB with unlimiteil laeraberahip, whose object it is by 
transaction of business in common to enlarge credit, increase the 
profits, and ftirther the household economy of their members, viz. : 
Loan and credit nuious ; 

material and 8t4>re unions; 
(. Unions for the production and sale of finished wares on a common 
■mint, (productive association ;) 

1. Unions for tlie purchase of the necessaries of life wholesale and the 
idling them retail, (consumption associations ;) 

5. Unions for pro^idingmembersof such umona with dwelling houses; 
Acquii-e under the conditions hereinafter described the rights desig- 
iM«i in the present law as those of " registered associations." 
Sec. 2. The requisites to the constitution of such associations are — 
!. The drawing up of the statutes in writing. 
!. The assnmption of a common name, (firma.) 

ntme of the association must be derived from the oltjeet of the 
tking, and have affixed to it the title " registered association." 
ither the names of the members, (associates,) nor those of any other 
ms, mu»t appear in the name of the association. Every new name 
'SMt be clearly distinguished from those of any previously existing reg- 
a«Boc)ati<Hi in the same locality, 
3. The statutes must contain — 
The name aod seat of the association. 
The objei^t of the nndertafcing. 

The duration of the association in the event of the samv being 
ilished for a limited perio<l only. 

The conditions under wltich members join and leave the association. 
0. The amount of the shares of the several associates, and the way in 
*Iuch tliese shares are paid up. 
^ The princijile upon which the balance sheet is drawn up and th« 
Wt.s are reckoned, and the way in which the balance sheet is audited. 
I The mode of election and the composition of the managing body, 
a t s 
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Nevertheless, any rights or claims which may have been in force against 
such effects before they became part of the property of the association 
are not invalidated by the foregoing paragraphs. 

Sec. 14. As long as the association exists, claims of the association 
cannot be compensated, either in their whole extent or in part, by the 
private claims which the x>^rson indebted to the association can raise 
against a member of the association. 

Sec. 15. If the private creditor of an associate, after fruitlessly dis- 
training ui)on the private property of such associate, obtains a right of 
execution upon the share which would accrue to the associate upon lM| 
winding up of the concern, he can, whether the association be foundefll 
for a limited or unlimited period, demand for the satisfaction of his deb| 
that the associate leave the association. Notice to that effect mnst^i 
however, be given at least six months pre\ious to the close of thflj:: 
financial year. 4 

Part HI. — Of the MANAama body, the council op bupebvisk 

AND THE GENERAL MEETING. 

Sec. 16. Every association must have a managing body elected 
amongst the associates. By it the association is represented judi 
and extra-judicially. The managing body can consist of one or 
members, who may be salaried or not. It is at all times removable, 
a claim, however, to compensation if such arise out of existing con 

Sec. 17. The names of the managing body must immediately on th 
nomination be notified to the commercial tribunal and be entered on 
register, and the tribunal must be made acquainted in an official 
with their signature. ^ 

Sec. 18. The managing body sign for the association. If the statajfl 
contains no particular stipulation on the subject, the signatures of dji 
members of the managing body are required. 

Sec. 19. The association obtains rights and is subject to obligations 
all legal matters entered into by the managing body on their behalf. 
is matter of indifference whether such business has been conclm 
expressly in the name of the association, or whether circumstances 
that it was the will of the contracting parties that it should be cone 
for the association. 

The competency of the managing body, in representing the 
tion, extends to those affairs and legal proceedings for which the 
requires special full powers. To legitimate the managing body in 
matters concerned with the registry of mortgages, a certificate of 
commercial tribunal, to the effect that the persons designated are 
managing body, suffices. 

Sec. 20. The managing body is bound to observe the limits placed 
its functions by the statutes or by the resolutions of a general mi 
This limitation of the powers of the managing body, however, is 
valid as against other persons. 
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Sec. 21. Oaths can be taken by the managing body in the name of the 
association. 

8eo. 22. Changes in the members of the managing body must be noti- 
ced and entered on the register. 

Sec. 23. In serving writs on, or giving legal notices to, the association, 
it soffices that this should be done upon, or to, a member of the managing 
body who is empowered to sign on behalf of the association. 

Sec. 24. The managing body is bound, at the end of each quarter, to 
sotify to the commercial tribunal the names of the members who have 
JNned and of those who have left the association during the quarter, and 
Hce a year, in Janu^y, to give an exact alphabetical list of all the 
members. 

The tribunal rectifies, by these lists, the original list deposited with it. 

Sec. 25. The managing body must, within the first six months of each 
tnancial year, publish the balance sheet of the preceding year, and the 



Aomber of the actual members of the association. 

Sec. 26. Members of the managing body who have in that capacity 
acted beyond the limit of their powers, or against the provisions of the 
nt law, or of the statutes of the association, are liable, with their 
e estate, for the losses which may accrue out of such acts. 
If they busy themselves with other objects than those specified in the 
nt law, (section 1,) or if they allow, or do not prevent, the discussion 
subjects at the general meetings which have no reference to the busi- 
of the association, but are concerned with public affairs, (see section 
jof the law of March 11, 1841, for the prevention of the misuse of the 

t of meeting,) they incur a fine of 200 thalers. 

Sec. 27. The statutes can provide for the creation, side by side with 

managing body, of a council of supervision. This council superintends 

administration of the managing body, in aU its branches. It acquaints 

If with the state of its affairs, inspects the books and the cash bal- 

8, and can convoke general meetings. It can, pending the decision 

the general meeting, and if it should seem necessary, depose the man- 

ing body, and take the necessary measures for the provisional transac- 

»n of the business. It must examine the yearly accounts, and report 

n to the general meeting. 

Sec. 28. The council of supervision is charged to bring actions at law 

t the managing body, if the general meeting has resolved on such 

on. 

If the association has to bring actions against members of the council 

supervision, it must, by the vote of a general meeting, name persons, 

the necessary full powers, to carry on the suit. 
Every member of the association is authorized to intervene in the suit, 
his own expense. 

. Sec. 29. Full powers can be given by. the association, ad hoc, to other 
ns than the members of the managing body, or the council of super- 
onj the exact extent of the functions thus vested in these persons 
ing exactly specified in the full power. 
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Sec. 3ft. TLe general meetii]gs*nr« convoked by tlie executive bod 
niilesi^ otlierwisi* specified in tbe statute. 

General meetings, besidea the occasions for such meetin^a speeifledi 
the statute, are to be convoked wlienever it api>ears in the int^i'est of 
association to do bo. 

Sec. 31. The convoking of the general meeting must take place accoi 
iug to the foi-ms fixed by the statutes. 

The Nubjects for discussion must, on every occasion, be notified sinl 
taneiitisly with the convoking. No resolutions can bo parsed upon 
jects of which notice has not thus been given. For the mere propofd 
of resolutions, and for discussions uot ending with a formal resoluti^ 
nj sii^h notice is I'equired. 

Sec. 3a. The managing body is bound to observe and execute all 
pro^'isions of the statutes, as well as the resolutions of the general mi 
ings passed conformably to the said statutes. 

The resolutions of the general meetings must be entered in a regii 
of protocols, whicii must be ojren to the iusiwctioii of every associate, t 
of the organs of the government. 

Part IV. — Of the dissolution of the association, and the le. 

ING IT BV INUlVmUAl. AaS0CIATI0:4S. 

Sec. 33. The association is dissolved — 

1. By the conclusion of the period for which it was formed; 

2. By a resolution of the association ; 

3. By a declaration of bankruptcy. 

8eo. 34. If an association is guilty of illegal acts by which the welf 
of the eommunitj suffers, or if it pursues other obje<5t« than those hi 
uess objects siiecified in the present law, (see. 1,) it can be disscd^ 
without claim to compensation. 

In such a case tlie dissolution can only take place upon the passini 
a judicial sentence on the prostwiitiou of the district authorities. ' 
competent tribunal is that to whose onlinary jurisdiction the associaf 
is subject. 

The sentence of the tiibunal is to be communicated to the triba 
which keeps the register of the association, that it may be entered tJ 
and published, according to section 36. 

Sec. 35. The dissolution of the association, if it does not take plact 
consei][ueiu:e of a declaration of bankruptcy, must be notified by 
managing body for entry in the register of the association, and must 
announced three times consecutively in the puhli(! journals. 

This aunouncement must besides call upon the creditors of the 
tion to send in theii- claims to the managing body. 

Sec. 30. The declaration of bankruptcy is to be offteially entered la 
register by the tribunal charged with the bankruptcy proceedings, I 
notice of the same is likewise to be published in the public pajjers. 

Sec. 37. Every associate has the right to leave the association. 
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tiiere are no express stipulations in the statutes on the subject, the asso- 
ciate can only leave at the close of the financial year, and must give a 
four weeks' notice at the least. Membership, moreover, ceases with death, 
unless the statutes contain stipulations carrying such membership on to 
file heirs at law. 

The association can, on grounds which must be specified in the statute, 
exclude members firom the association. 

Sec. 38. The associates who leave, or who are excluded from the asso- 
mtion, as also the heirs of deceased members, remain liable for aU debts 
of the association contracted before the date of the cessation of member- 
diip, nntdl the period of limitation. 

Unless the statutes contain stipulations to the contrary, such persons 
I liave no claims on the reserved fund, or the corporate property of the 

iBSOciation, and can only demand the repayment of their shares with the 

dividends accrued upon them, such repayment to be made within three 

Bonths of their leaving the association. 
The association can only protect itself against such a claim, even if the 

property of the association should have diminished at the time of such 

cessation of membership, by dissolving itself and proceeding to wind up 

the business. 

Pabt IV. — Of the winding up of the association. 

Sec. 39. After the dissolution of the association, except in the case of 
bankruptcy, the winding up of its business is undertaken by the man- 
aging body, unless the statutes or a resolution of the association desig- 
Bste some other persons for that purpose. The appointment of the 
liqnidators is always revocable. 

Sec. 40. The liquidators must be notified to the tribunal of commerce, 
Mid their names entered on the register. If a liquidator vacates his 
office, or if his i)ower of attorney expires, notice must likewise be given. 

Sec. 41. The relations of the liquidators towards other persons are 

determined by sections 25 and 40 of the General German Commercial 

Code. If there are several liquidators they can only legally transact 

I'basiness by doing so in common, unless it be specially stipulated that 

they can do so individually. 

Sec. 42. The liquidators have to wind up the current business, to fulfil 
tte engagements of the dissolved association, to call in outstanding 
dsdms, and to convert the property of the association into cash. They 
liave to represent the association judicially and extrajudicially; they can 
eompound and make compromises. To wind up current business, they 
ean enter into fresh engagements. 

The liquidators can only effect the sale of real property by auction, 
unless there be stipulations to the contrary in the statute or resolutions 
of the association. 

Sec. 43. The limitations of the functions of the liquidators as against 
other persons has no legal force. 
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Sec. 44. The liquidat'Ors liuve to give their Higuature iu Huch a 
that tliey afiiic tli<!ir uaiues to tlie t'onuvr iiaiue of the aasociatiou, whiol 
ii< now tiU be desiguated as tLe name of the luiiou Ut be wound up. 

Sec. 45. The liquidatoi-s have, iii the managi^iaeut of the busineacl' 
toiuiuitted iuto their huiids, to conform themiselveB to the resolutioTOjHi 
[HLSHed by tlie general meeting. 

Hec. 46. The moneys iu the hands of the association at the time o 
dissolution, aud those which dming the process of winding up flow intfli 
the hands of the liquidators, are to be applied as tbUows : 

{a.) First, the creditors of the association are to be satisfied as t 
money owing to them falls due. 

{b.) From what remains, the shares, 'Kith the dividends acurued upc 
them, are to be repaid to the asauciatos. If the assets are uot sufElciei 
to pay these in full, the distiibutioii takes plaee according to the relativd 
proportions of the shai'es. 

(c.) Fn)m what remains after paying the debts of the association a 
the shai'es of the members, there will, in the first place, be distribtitie 
the pititits of the last year aa prescribed by the statutes. If any pre 
erty should then remain, the same, iu the absence of special stipulatio 
to that effect, shall be distributed amongst the members per head. 

Sec. 47. The liquidators must begin by drawing up a balauce-shee 
Should the result of this balauce-sheet be that the i)roperty of the as 
elation (inclusive of the resei've i^d and the share capital] does i 
sufBce to cover the debts of the association, the liquidators have at oe 
ou their own responsibility to call a general meeting, aud hereupon, 
within eight days the associates have not contributed sufiiciently to cov 
the ileticit, they have to apply for the opening of the commercial banl 
ruptcy in regard to the assets of the association. 

Sec. 48. Notwithstanding the dissolution of the association the leg 
status of the associates inter se, and towards other persons, remains ua 
the close of the liquidatiou the same as that laid down in Farts H u 
HI of the pi-eseut law. In the event of the dissolution uf the a 
tion, no meml>er can be made liable by means of regress on account^ 
the smaller amount of the calls ou shares which he may have pa 
according to the statutes, by the other members of the association, « 
have ]iatd up more ou their shares. The jurisdiction under which i 
union was at the time of its dissolution remains in force for the VBk 
which is to be dissolved, till the close of the winding up. Oitfttad 
addressed to the associations can be delivered to the hand of one of i 
liquidators. 

Sec. 4y. After the conclusion of the winding up, the books and pas« 
of the late associations are to be given into the custody of one of i 
former associates, or of a third person. If agi'eemeut cannot be c 
to as to who this person should be, the tribunal of commerce determine 

The associates and theii- heii's retain the right of examining aud u 
these books. 
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Sec. 50. Besides the case proAdded for by section 47, bankruptey is 
iclared whenever the association, either before or after dissolution, has 
opi>ed payment. (See section 281, No. 2, of the bankruptcy law, &c. 
The notice of such stoppage of payment, if before the dissolution of 
le association, must be given by the managing body; if afterwards, by 
le liquidators. 

The association is represented in the one case by the managing body, 
n the other by the liquidators. Such representatives have to appear 
tersonaUy to give the necessary information, as in the case of an ordi- 
lary debtor. A concordate cannot take place. 

The declaration of bankruptcy in regard to the corporate property of 
the association does not involve a declaration of bankruptcy in regard 
to the private property of the associates. 

The decision in regard to the opening of bankruptcy must not contain 
the names of the members who are jointly and severally liable. 

As soon as the bankruptcy proceedings are ended the creditors have 
I the right to recover their claims (only in so far, however, as they were 
I pat in and verified during the bankruptcy proceedings, but inclusive of 
lifiterests and costs) on the private property of the individual associates. 

Part VI. — Of the limitation of claims against associates. 

Seo. 51. The limitation of claims against an associate for debts incurred 

the association during membership comes into force two years after 

dissolution of the association, or after the date of his quitting the 

dation or being excluded from it, in so far as the peculiar character 

|rf the claim does not involve a shorter period. 

The two years are reckoned jfrom the day on which the dissolution of 
Itte association was entered on the register, or the cessation of member- 
dup was notified to the tribunal of commerce. If the claim became only 
|*ie after this date, the time is reckoned from the date at which such 
became due. If there remain undistributed assets, the two years' 
ttion cannot be enforced against the creditor in so far as he founds 
daim only on the corporate property of the association. 
Sec. 62. The limitation in favor of a member who has quitted it or been 
ided is not interrupted by legal proceedings imdertaken against 
fcher member of the association, but by legal proceedings imdertaken 
the still existing association. 
[' The limitation in favor of a member of the association who belonged 
it at the time of dissolution is not interrupted by legal proceedings 
[ttidertaken against the liquidators or the bankruptcy. 

Sec. 53. The limitation runs likewise against minors and persons under 
[Ivirdianship, as well as against corporations which legally enjoy the 
its of minors, without admittance of the restitutio in integrum^ but 
ItMi the proviso of redress against the guardians and administrators. 



PARIS UNIVERSAL EXPOSITION. 



CONCLUDING PE0VI8I0NS. 




Sec. 54. The commercial tribunal holds the niaiiiigiiig body to tbfll 
observanee of sections 4, 16, 17, 22, 24, 25, 32, 35, 40, by the iiiflictioi 
of fines and penalties, as prodded in section 5 of the introdnctory p 
tion of the OenerHl Germau Commercial C-ode of 24tli June, 1861. 

Inaccuracies in the notices given by the managing body are to be finedW 
20 thalers. Ua 

Seo. 55. Section 55 does not exclude more rigorous measures, if thejAM 
are eiyoined by other laws. V 

8ec. 56. The registrationa take pla«e iree of cost. The details respeet-W 
ing the way in which the registers shall be kept will be given in a grafeilfa 
eral instruction, to be drawn up by the ministers for commerce, indm 
and public works, and justice. 

The ministers aforesaid are charged with the enforcement of the p 
ent law. 



FRENCH LAW OF COMPANIES. 

tKilrRcifrom the Frencli law of "CompaniBS," of 34th to 29th January, A. D. 1067.] , 

Title III. — Pabtictjlab provisions for sodBTiES with vakiabU 



Art. 48. It may he stipulated in the by-laws of any siociety that t 
capital of the society will be susceptible of augmentation by successf 
payments made by the members or the admisslou of new members, i 
of diminution by the withdrawal, total or partial, of the payments a] 
made. 

The societies whose by-laws shall contain the above stipulatioit n 
be subject, independently of the general rules which apply tn t 
accortling to their particular form, to the provisions of the follow] 
articles : 

Aet. 49. The capital of the society may not be fixed by the c 
tatuig laws of the society above the sum of 200,000 fi-iincs. It may % 
augmented by the deliberations of the general assembly held &um j 
t« year. Each augmentation may not exceed 200,000 francs. 

Art. 50. The shares or coupons of shares will bear the name of 4 
individuaL Even after their entire hberation they may not be less tl 
50 francs. They will only be negotiable after the definite constitatu 
of the society. The negotiation can only take place by transfer on H 
register of the society; and the by-laws may give either to the e 
council or to the general assembly the right to oppose the tiuusfer. 

Art. 51. The by-laws will determine a sum below which the cai» 
may not be reduced by the withdrawals authorized by article 48. 
sum shall not be less than one-tenth the capital of the society. The w 
ety will be definitely constituted only after the payment of the tenth. 
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Abt. 52. Each member shall be able to retire firom the society when- 
ever lie may think proi)er, except by contrary agreement, and except as 
provided by the first paragraph of the preceding article. It may be 
stipulated that the general assembly shall have the right to decide, by 
the majority necessary for the modification of the by-laws, that one or 
more members shall cease to form part of the society. 

Members who cease to form part of the society, either by their will or 
by the decision of the general assembly, will remain bound to the society 
and to third parties, during five years, for all the obligations existing at 
the time of their withdrawal. 

Abt. 53. The society, whatever may be its form, shall appear in court 
by its officers. 

Abt. 54. The society will not be dissolved by the death, withdrawal, 
fmspension, failure, or bankruptcy of one of the members ; it will con- 
tinue in full force between the other members. 



UNITED KINGDOM. 

ANNO VICE8IM0 QUINTO & VICESIMO SEXTO VICTORIA REGIN^. 

CAP. LXXaVII — An act to consolidate and amend the laws relatiDg to iDdnstrial and 

provident societies. — ^7th August, 1862. 

Whereas by the industrial and provident societies act, 1852, it is 

ffiiacted, that it shaU be lawful for any number of persons to establish a 

gj society under the provisions thereof and of the therein-recited act, for 

tiie purpose of raising by voluntary subscriptions of the members thereof 

a fimd for attaining any purpose or object for the time being authorized 

by the laws in force with respect to friendly societies or by the said 

recited act, by carrying on or exercising in common any labor, trade, or 

handicraft, or several labors, trades, or handicrafts, except the working 

of mines, minerals, or quarries beyond the limits of the United Kingdom 

of Great Britain and Ireland, and also except the business of banking, 

whether in the said United Kingdom or elsewhere, and that the said act 

shall apply to all societies already established for any of the purposes 

herein mentioned, so soon as they shall conform to the provisions hereof 5 

and whereas, by an act passed in the seventeenth and eighteenth years 

of her present Majesty, chapter twenty-five, various provisions were 

made for the better enabling legal proceedings to be carried on in any 

matter concerning the societies formed under the said act of 1852 ; and 

whereas the last-mentioned act was amended by an act passed in the first 

session of the nineteenth and twentieth years of her present Majesty, 

chapter forty; and whereas various societies have been formed and are 

now carrying on business under the provisions of the said recited acts, 

and it is desirable to consolidate and amend the laws relating to such 

societies : Be it therefore enacted by the Queen's most excellent Majesty, 

by and with the advice and consent of the Lords spiritual and temporal. 



t 
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and Cominons, in thia present Parliament assembled, and by the awthoPi' 
ity of the same, as follows : ."• 

1. The industrial and pi-ovident sook'ties act, 1S52, and the said recited • 
acts for the amendment thereof, are hereby rejiealed fi-om the puj^sing oC 
thia a«'t, 

2. All societies registered nnder the indnstriol and provident societies 
act, 1852, shall be entitled to obtain a certificate of registration on a)ipl»<> li 
cation to tlie registnir of friendly societies, and for which certificate 
fee shall be payable to the regiHtrar. 

3. Any number of iwrsons, not being less than seven, may establish m. 'i 
society undei- this act for the purpose of caiTyiug on any labor, trade, 
handicraft, whether wholesale or retail, except the working of mines 
qnarries, and except the business of banking, and of applying the profit 
for any piu-poses allowed by the friendly societies acts, or otherwise 
niitt£<l by law, 

4. The iTiles of every such society shall contain pro\dsions in rei 
of the several matters mentioned in the schedide annexed to this act. 

5. Two copies of the ndes shall be forwarded to the registrar of frieni 
societies in England, Scotland, or Ireland, according to the place wh< 
the office of the society is situate, and shall be dealt with by him 
the manner provided by the friendly societies act, 1S55 ; and he 
thereupon give his certificate of registration, and such certificate si 
in all cases be conclusive evidence that the society has been duly rej 
tered, and thereupon the members of such society shall become a 
corporate, by the name therein described, ha\'ing a ijerpetual successic 
and a common seal, with iwwer to hold lands and buildings, with limil 
liability. 

6. The certificate of registration shall vest in the society all the pi 
erty that may at the time be vested in any person in tmst for the societif j 
and all legal proceedings then i>ending by or against any such trustee 
other officer on account of the society may be prosecuted by or ag 
the society in its registcrt'd uniiii' without abatement. 

7. A copy of the rules sliid! In- delivered by tlie society to every 
son, on demand, on pajnieut of the sum not exceeding one shilling. 

8. JSo society shall be registered under a name identical with that 
which any other existing sotaety has been registered, or so nearly 
bling such name as to be likely to deceive the members or the public, ao 
the woi-d "limited" shall be the last word in the name of every societ 
registered under this act. 

9. Ko member shall be entitled, in a society registered under this ae 
tfl hold or claim any interest exceeding the sum of two hun<lred pounds 

10. Every society registered under this act shall paint or affix, mu 
shall keep painted or affixed, its name on the outside of every office 
place in which the business of the society is carried on, in conspjcuon 
iwsition, in letters easily legible, and shall have its name engraven ii 
legible characters on its seal, and shall have its name mentioned in legi 
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ble characters in all notices^ advertisements* ami other official puMica- 
tions of such society, and in all bills of exehan^\ pmmisai^n' n«UxMk 
indorsements, checks, and onlers for money or i^hhIs pnriH^rtiiig to Iv 
signed by or on behalf of such company, and in all bills of |^nvla« 
invoices, receipts, and lettei*a of cnnlit of the wxMcty. 

11. If any society under this act does not iMiint or affix, aiul ktn^p 
l^ainted or affixed, its name in manner dinH*te<l by this act, it shall l>e 
liable to a i)enalty not exceeding five lumnds for not so |>aiuting or affix- 
ing its name, and for ever^*^ day during whieh sn(*h name is not so kept 
painted or affixed ; and if any officer of sueh wH»it*ty or any ihm'wmi on 
its behalf uses any seal puri)orting to l>e a w»al of the s<H»iety >vhei>H>n 
its name is not so engraven as aforesaid, or issues or authorixos the issue 
of any notice, advertisement, or other offi<*ial publication of sueh s<H»iety, 
or signs or authorizes to be signed on Ix'half of siu^h so<'it»ty any bill of 
exchange, promissory note, indorsement, cluH*k, onliT ic)r money or 
goods, or issues or authorizes to be issued any bill of panaris, invoieo, 
TCceipt, or letter of credit of the society, wherein iti4 name is not men- 
tioned in manner aforesaid, he shall be liabh*, to a |K'na1ty of tllty |>ounds, 
lad shall farther be personally liable to the holder of aiiy sn<'h bill o1 
^f exchange, promissory note, check, or onler for money or g(N)ds, for ihe 
HI mount thereof, unless the same is duly )niid by the, wM'iety. 
nl 12, Every society under this act shall have a registi^n*d office to which 
L>| dl communications and notices may be addressed. If any H4N'i4*ty regis- 
:ly| ftored under this act carries on business without having such an offi(M*, it 
inldiall incur a i)enalty not excee<ling five fKMinds ff^r everyday during 
ei| which business is so carried on. 

13. Notice of the situation of suf;h registere/1 office, and of arty change 
flierein, shall be given to the registrar, and rec^^rded by hirn : nnt il such 
notice is given, the society shall not Im; fleeme^l Uf have corn|»)ied with 
tlie provisions of this act. 

14. The rules of every s^ieietv registered under this H/t'A. shall bind the 
society, and the members thereof, to the same ext^-nt as if eji/-li rnernlHT 
had subscribed his name and affixed his «4^ral thfrreto, anri there, were. In 
BQch rules contained a covenant on the part of himsyrlf, his helrn, execu- 
tors, and administrators, to eonform to ?*iieh rules snbject to the. pro- 
vigions of this act: and all monevs riavable bv anv ff}4',iu\f4T of this 
society in pursiiance of such rules .^hall \^ de^mierl to \y(\ 9k deht due, Uiy%u 
Boch member of the ?$ocrierv. 

15. The provisions of the friendly MfCM-rxi-^ tm'^a ^hall apjMy t/> -^/^^ri^^ies 
Kgistered under this act in the t'ollowin^r pfirtiMilfirs : 
Exemption firom stamp duties axmX wm-uxw^ r;PiY: 
il I Settlements of dispute?* by arbirrari«»Ti or jri. stipes : 
i»tI Comp^isation to memhiern nnjn.-iTly ^.\i\n{\^i\ \ 
Vi\ Powers of ju.stiees or er»anry <<njrrs in r^:^ of U^\m\\ 
'v\ Jurisdiction of the registrar. 

It The ptovLrion-s of the t'rienrlly .-wieietip^ a/^. \KA. wh^reb> a rneTA- 
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ber of any society registered tliereunder is allowed to Dominate any pe& 
son to wlioin Ilia investment to such society shall be [Hiid, shall extend, 
in the caae of societies registered under this act, to allow any e 
thereof to nominate any iierson into whose name his interest in sue] 
soeiely at bis decease shall be transferred ; provided, nevertheless, thai 
any such society may, in tieu of making such transfer, elect to pay b 
any person so nominated the Aill valae c^ snch interest. 

17. Any society registered under this act may be wound up either bj 
the court or voluntarily, in the same manner and under the same circum 
stances under and in which any company may be wonnd up imder an 
acts or act for the time being in force for wiiuliug up companies ; and a 
the provisions of such acts or act with i-espeet to winding up i 
apply to such society, with this esoeption, that the court having jm 
diction in the winding up shall be the county court of the district i 
which tlie office of the society is situated. 

18. In ease of the dissolution of any such society, such society sha 
nevertheless he considered as subsisting, and be in all respects subjei 
to the provisions of this act^ so long and so far as any matters relatin 
to the same reinain iinsettled, to the intent that such society may do t 
things necessary to the winding up of the concerns thereof, and that i 
may be sued and sue under the provisions of this act, in reat>ect of a 
matters relating to such society. 

1!). The provisions of the jointrstock companies acta as to bills 
exchange and the admissibility of the registei- of shares in evidence shs 
apply to all societies i-egistered under this act. 

20. In the event of a society registered under this act being wot 
up, every present and past member of such society shall be liable to c 
tiibnte' to the assets of the society to an amount siiMcient for payined 
of the debts and liabilities of the society, and the costs, charges, an 
expenses of the winding up, and for the payment of such sums as i 
be required for the adjustment of the rights of the contributories amon 
themselves, with the qualifications following — that is to say : 

1. No past member shall be liable to contribute to the assets of t 
society if he has cejiSted to be a member for a period of one year orupwai 
prior to the commencement of the winding up. 

2. No past member shall be liable to contribute in respect of any d 
or liability of the society contnujted after the time at which he ceased t 
be a member. 

3. No past member shall be liable to coutrihute to the assets of t 
society unless it appears to the court that the existing members i 
unable to satisfy the contributions reqiured to be made by them in o 
to satisfy all just demands upon such society. 

4. No contribntion shall be required trom any member exceeding th 
amount (if any) unpaid on the shares in respect of which he is liable a 
a past or present member. 

21. Anj' society registered under this act may be conatitnted a comiituQ 
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imder the companies acts, by confonniiig to the i)ro\daion8 set forth in 
such act, and thereui)on shall cease to retain its registration under this act. 

22. Every person or member having an interest in the funds of any 
sodeiy registered under this act may insi>ect the books and the names 
of the members at all reasonable hours at the office of the society. 

23. The sheriff in Scotland shall, within his county, have the like juris- 
diction as la hereby given to the judge of the county court in any matter 
fiising under this act. 

24 A general statement of the funds and effects of any society regis- 
tered under this act shall be transmitted to the. registrar once in eveiy 
jear, and. shall exhibit ftilly the assets and liabilities of the society, and 
shall be prepared and made out within such peiiod, and in such form, 
ind shall comimse such particulars as the registrar shall from tune to 
ime require; and the registrar shall liave authority to require such 
jyidence as he may think exjMidient of all matters requu*ed to be done, 
md of all documents required to be transmitted to him under this act ; 
md every member of or any depositor in any such society shall be enti- 
led to receive, on application to the treasiu-er or secretary of that society, 
ft copy of such statement, without making any x>ayment for the same. 

25. All penalties imposed by this act, or by the rules of any society 

registered under this act, may l>e recovered in a summary- manner before 

two justices, as directed by an act passed in the eleventh and twelfth 

years of the reign of her present Majesty Queen Victoria, chapter forty- 

&iee, entitled, " An act to facilitate the perfonnance of the duties of 

justices of the peace out of sessions ^^ithin England and Wales, mth 

respect to summary convictions and orders.'' 
26. This act may be cited as " The industrial and pro\'ident societies 

act, 1862.'' 

SCHEDITLE OF MATTERS TO BE PROVIDED FOR TS THE RULES. 

1. Object and name and place of office of tbe society, which must, in 
all cases, be registered as one of limited liability. 

2. Terms of admission of members. 
i;| 3. Mode of holding meetings and right of voting, and of making or 

altering rules. 

4. Determination whether the shares shall be transferable ; and in case 
to| itl)e determined that the shares shall be transferable, provision for the 

form of transfer and registration of shares and for the consent of the 
yA CMnmittee of management and conflnnation by the general meeting of 
.^xt I *e society ; and in case shares shall not be transferable, provision for 

paying to members balance due to them on withdrawhig from the s(K*iety. 

5. Provision for the audit of accounts. 

6. Power to invest part of capital in another society ; provided that 
IK) 8uch investment be made in any other society not registered under 
this act, or the joint stock companies act, as a society or company- with 

,.„, Bmited Uabilitv. 
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7. Power and mode of witbilrawing from the society, and i 
for the claims of execntflrs, administrators, or assigns of members. 

8. Mode of application of profits. 

9. Appointment of managers and other offleerR, and their reH|)ectiTrf« 
powers and remunerati<m, 

m 

PROVISION AUTHOEIZINQ INDITSTRIAL PARTNERSHIPS. . 

Extract irom the "act to amend tlie law of partnership," 28 and 29W. 
Victoria, chap. 86, (July 5, 1865 :) 

" No contriict for th« remuueration of a servant or agent of any p 
engaged in any trade, or undertaking by a share of the profits of sut 
trade or undertaking, shall, of itself, render such servant or agent re8p( 
sible as a partner therein, nor give him the rights of a partner." 



APPENDIX F. 

THE MANUFACTURE AND WEAR OF RAIL?. 

Bt Christer Peter Sandbero, Associate of the Institute of Civil Engineers. 

kjMiger (No. 1,196,) read before the Royal Society of Civil Engineers in Lon- 
don^ March 3, 1868, hy C. P. Sandbergj esq.; Charles Hutton Oregory^ 
president J in the chair. 

In these times, when communication between different places is carried 
II mainly by the system of railways, it becomes important to determine 
I fte best mode of manufacturing railway bars, so as to obtain the greatest 
Ittiomit of wear at the least possible cost. As this question is one of 
jiKreasing interest, the author has thought it might be profitable to com- 
Imnicate to the members of the Institution of Civil Engineers the expe- 
Inaice he has gained during the last six or seven years, while engaged in 
[Rq^rintending the supply of rails to the three Scandinavian countries, 
reden, Norway, and Denmark. 

The paper will be divided into three parts. First, as to the best method 

[manufacturing rails out or common iron, and as to the time they will 

Secondly, as to the disposal of the iron rails when they are worn 

;; and thirdly, as to whether iron or steel, or a combination of the two 

iterials, is the most economical to use for rails. 

lEST METHOD OF MANUFACTUEING KAILS FEOM COMMON 

IRON. 

The mode of manufacturing rails for Sweden, as carried out in Wales 

reen the years 1856 to I860, consisted in hammering the pile for the 

slab after the first welding heat, and in rolling it after the second 

It. It was supposed that hammering would produce a superior weld 

liftd a harder wearing surface than could be obtained by rolling alone. 

Bus method was, however, gradually superseded at other works in Eng- 

Itod and in Wales, during the period referred to, by rolling only. Ham- 

lering the slab, after the first welding heat, entailed aa additional 

jAarge of 20«. x>er ton; it therefore became the duty of the Swedish gov- 

jtrnment to determine, by practical trials, whether the value of the finished 

pfl was correspondingly increased. With this object in view, several 

Bttls were rolled, and arrangements were made for putting them down in 

iDch situations, on some of the English lines, as would expose them to 

ievere wear. The experiments further aimed at discovering, if possible, 

W loi^g the rails manufactured at the Cwm Avon Works,, in South 

pales, and imported into Sweden, would resist the traffic in that coun- 

W' Five different kinds of " piles ^ were employed; twenty rails, of a 

*^ge section, 4^ inches deep, and weighing 62 pounds per yard, being 

} ^Hed of each particular sort. The mode of manufacture was as foUows : 

9is 
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The rails marked T wei-e made from a pile formed of No. 2, or wi 
iron, tor the t«p and bottom, the rest of the pile being of Ko. 1 piu 
bar iron. The t«i> slab and the squares next to it were matle fn 
haminereil bloom of ordinary puddled iron, aud filled in at the m 
witli crop ends from top slabs, and other pieces of No. 2 iron. 

Tlie mils marked Y weii; ma<ie from a pile of the same compoHitii 
that of the T rails, with the difference that the pile for the top slab 
siHted of puddled bars, witJiout any welded iron pieces or cmii ends \ 
introduced in tbe middle of the pile. 

Tlie jrile tor the niils marked H was composed of a top slab made 
puddled bars, bammered after the first beat, and rolled after the se 
heat, similar to tbe railw marked Y, the iron for the flange consistii 
lour pieces in8t«a<i of eight. 

The pile for the rails mai'ked E was exactly similar to that tor the 
marked H, exeaptuig that the pile for the toji slabs wa.s rolled aftei 
first heat, as well as after the second heat. This difference in the i 
of manufacture was adopted in order to discover whether, in this eon 
iron, hainmeiing improved tbe rail to a corresi>ouding extent. Ine 
of No. 2 iron, puddled bars were chiefly used for the squares neai 
slab, and for the foot of tbe rail. 

The pile for the rails marked N consisted of puddled bars without 
top slab. All the piles passed through the rolling successfully witt 
exception of tho N rails, some of which showed cracks, owing U 
inferior quality of the puddled bar. 

The London and Northwestern Railway Comiiany, being intt'.restf 
the solution of this problem, allowed experiments to be made on I 
line, so far as the wear of these experimental rails was concerned, 
expcrimeuts were caixied out at Camden Town Station, where the 
could be better and more thoroughly tried than elsewhere. Pirsj 
account of the enormous traffic which obtains at that sixrt; seccn 
from the constant shunting, and, thii-dly, owing to the grinding an 
of the engine wheels in starting tho trains. The residt of these e^ 
ments is shown in a seiies of tables, dmwn uj) by Mr. H. Woodht 
superintendent of peimanent way. (See Appendix.) 

The following table shows the dumber of tons i>asBed over each e^ 
mental rail before it was crushed, and also before the rails were take^ 



Another table, calculatt'd from the preceding one, shows how long 
rails will last, supposing them to be passed over by 3,000 trains ye! 
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each train being composed of an engine weighing 30 tons, and of 20 
wagons of 10 tons each, or a gross load of 230 tons. 

From these tables it was ascertained that the five different descrip- 
tioDB of rails were on the average crushed in six years, and worn out in 
mne years, thus : 



T. 


Y. 

m 


H. 


E. 


N. 


Cnuhed. 


Worn out. 


Crashed. 


Worn out. 


Cruithed. 


Worn out. 


Crughed. 


Worn out. 


1 
Crushed. iWom out 

1 


Tmn. 
5 


Tear§. 
7 


Year$» 
6 


Yeart. 
7 


Years. 
5 


Yeart. 
7 


Yeart. 
10 


Yeart. 
13 


Yeart. 
5 


Yeart. 
8 



1* 
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[fan, 
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As the object of these experiments was chiefly to ascertain the differ- 
•ee between a rolled and a hammered slab, both made from inferior 
B representing the former and H the latter, those rails were placed 
M to compare their relative resistance to wear; and the result shows 
E rail with the rolled slab to be superior at each place where the 
were tested. 
Among the other descriptions of rails the K section endured the 

although it had no top slab of l!^o. 2 iron. 
The conclusion is thus arrived at that hammering after the first weld- 
heat, for this particular kind of iron, does not improve the endurance 
tiie rails, but that the simplest mode of manufacture has also the 
rial advantage of being the best. These trials at the same time 
hsh the fact that it is not the wear or the diminished sectional area 
by abrasion which produces the unsatisfactory results in the 
ce of iron rails, but the lamination caused by imperfect welding, 
explains the great difference in the result between the wear of rails 
in exactly the same way, the welding in the one case being perfect, 
in the other it has been very imperfect. 
The results obtained at the Camden Town station, however, are not 
We to the circumstances and conditions of the wear of rails which 
under ordinary traffic, but rather to exceptional situations, where 
wear is occasioned principally by the frequent use of the brakes and 
eontinual shun,ting, in a much higher degree than at any other point 
the Une. These results may also be attributed, in part, to the great 
t of the locomotives in proportion to the weight of this particular 
on of rail. 
Bails of the same dimensions and of similar quality of iron to those 
ed E have been tried on the Great Northern railway, and have 
during the passage of about 65,000 trains of a total aggregate 
of 13,000,000 tons, one-fourth part of this traffic being at a speed 
about 40 English miles per hour, and the remaining three-fourths of 
miles an hour. 

Ihese experiments confirm the rule laid down in Mr. R. Price 
i's paper " On the Maintenance of Permanent Way,'' viz.^ that 
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the endurauce of rails may be measured liytlie product of the speed 
of tlie passing weiglit. The trial rails ou the Great Northern rail' 
may thus be said to have borne 276,000,000 tons at a speed of one i 
per hour. The endurance of the rails tried at Camden Town, im 
sueh imnsiial conditions, is much less, and may be represented 
120,000,000 tons at a speed of one mile i)er horn-. 

Another method of arriving at & judgment an to the endurance 
these rails ou the Swedish 8tat« lines, is found in the renewals wb 
have been already made on those railways. The present experiei 
extends over a period of nine yeara on portions of the miwt aev 
worked lines, namely, at Goitt^-nlmrg and Malmo, and also durin| 
period of six years on the whole system. The renewals on the main 1 
have been in an increasing proportion, being in one case 30 or 40 
cent, higher than in the preceding year; and a mean calculation gi' 
tlie pndjable result that, taking the last renewals of the rails laid do 
ou the construction of the lines at about 18 yeai's flxim the coinm^i 
ment, the average life of the rails will be 15 years. 

Tlie weight which has passed over the rails during these 15 yei 
judging from the reports c;ontained in the annual accounts of the g 
ernment railway administration as to the traflic returns of aU the si 
lines during the years 1863 to 1865, may be assumed to be a yei 
increase, in the gross load, of only 15 per cent. i>er mile after the y 
1865, The yearly increase, however, on the line nearest Gottenbl 
since 1862, of transi)orted goods, has amounted to 30 per cent., and 
Malmo to 18 per cent. Further, supposing the same proportion to ■ 
between the gross and the uet loads for the year 1865, it may be t^ 
at al>OHt 6,000,000 Urns, a quantity which compares with the rew 
obtained on the English lines, giving for the life of the best of 
three first sort of rails the same average life a« that of the E rails. 1 
confirms the correctness of the theory that the life of rails is meaaa 
by the product of the weight and the speed. 

The rails used on tlie Swedish lines are mostly of the E or rolled ol 
before mentioned. Those tried on the Great Northern line were alM 
that kind of mannfacture, but of a heavier section. The speed at wl 
the load was caaried over the exiwrimental rails on the Great Nortbl 
railway was much higher than ou the Swedish lines, being in the ] 
liortion of 20 on the Great Northern to 16 miles average speed oa 
Swedish railways. 

The conclusions the author has arrived at are, that no rule caa 
laid down for the manufacture of rails that will apply to everj- mano! 
taring district ; but that in the case of Welsh iron, to which he has n 
particularly referred, it has been proved that the best method of ma 
fncturing the rail is that now most commonly practiced, viz: rolling' 
iron into bars, piling these, and repeated rolling to the finished i 
without hammering. The author assumes the prejudicial result ft 
hammering to be owing to the large amount of sulphur in the We 
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ton. ^Wliere the iron contains more phosphorus and less sulphur, as, 
or instance, in the Cleveland, Belgian, and French iron districts, ham- 
neiing baa proved beneficial, and rails have been made direct from 
pniddled bars without the intennediate process of piling, this being, in 
bet, the method generally adopted in those x)laces, and being found to 
answer best. 

l%ese experiments seem to indicate that 220,000,000 tons may be ear- 
ned over rails, of the section and make refeiTcd to, at a speed of one 
■Qe per hour ; so that any railway company, knowing the load which 
jcftrly passes over their line and the speed, may, by multiplying the one 
into flie other, and dividing this product by 220, ascertain the life of 
inHL raiLs in years. 

DISPOSAL OF IKON KAILS WHEN WOKN OUT. 

As to the disposal of the rails when worn out, and as to the possibility 

ttf reroUing old rails with a<lvantage by companies far situated from the 

JHit of manufacture, such as the British colonies, the countries around 

Mediterranean or the Baltic, the author thinks that for railways 

the seat of rail manufacture, the best way will be to continue to 

the old rails to the rail mills. For other countries, situated like 

len for instance, it becomes important to ascertain whether it would 

be more advantageous to reroll them. 

The increasing traffic, the augmented speed, together with the heavier 

les now found desirable, have all a tendency to more severe wear, 

to render necessary more frequent renewals of the rails. These 

3wals are executed with more and more difficulty, as the greater 

iber of trains limits the time at disposal, whilst the stoppage of the 

thus occasioned often results in accidents. These considera- 

together with the recurring expenses of renewals, have conduced 

the employment of a more durable material for rails, as steel, which 

idieady much used. The new rails have been manufactured either 

ly of steel, or iron rails have had steel tops added to them. 

In the case of steel-top rails the head has either been entirely formed 

'rteel, or else the upper surface only has been covered with a thinner or 

top slab, say 'half an inch thick in the rail. The top slab has 

joined according to the different methods used for forming the pile, 

that it has been either lying flat over the wearing part of the rail 

[kad,.or it has spanned the mass of iron with its exterior edges, thus 

ig the steel without reference to the weld 5 it has, in fact, been partly 

ically fastened to it. The mode of making the pile at several 

where old rails have been used instead of puddled bars, is shown 

itfce plans, Figs. A, B, and C.^ The pile used at Dowlais for 120 tons 

ited-headed rails for the Swedish government railways in September 

is shown in Plan B, and the one used at Horde, in Germany, Plan 

f A» an for the manufacture of steel-headed rails. 

^ These illustratioDS are omitted. 
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The use of steel rails lias min-li increased in England, and many iwi 
way i-omiiauies ai-e adopting tlieui as fiMt as their tluancial circunistanoi 
will allow. 

The existence of a cheap raw material in the sha|>c of old rails, i 
rerolling them together with Bessemer steel tops, aflbrds an opening i 
CHiTj'iug out the manufacture of rails pi-ofltably lor railway companl 
far removed from the seat of manufacture, even when exposed to tbreaj 
competition. If such rerolling were carried out in Sweden, instead 
selling the worn out iron rails in England, the expense of freight to ft 
fro would be saved, which may be reckoned at £2 per ton. The neo 
sary cost of coal would not increase the price of rails more than atx 
10s. per ton for rerolling rails iu Sweden. 

The question is thus reduced toau inqiury whether the increased cost 
manufaeture, due to the smallnesH of the quantity to he made, woa 
amount to, or exceed, the remaining part of the difierence of the treigl 
£1 10«. per ton. If so, it woidd then be of no use to attempt the esti 
lishment of a manufaeture of rails, either by the government in eonni 
tion with other workshops for the repair and I'enewal of railway materl 
of other kinds, such as engines, axles, wheels, etc., or by private c 
talists. 

An estimate has been made, the pai-ticulajs of which will be found 
the appendix, of the cost of manuiaetiuing rails in Sweden, compose 
Swedish Bessemer steel for the head, No. 2 iron for the flange or 1 
the remainder of the pile being of old iron rails. The i-ails are of t 
Viguoles section, weighing 86 pounds per yai-d. 

From these calculations it is shown : 

1. That according to plan A, with the whole head of Bessemer std 
the cost per ton on an annual make of 10,000 tons is £H 12«. Irf.; ai 
secondly, according to plan B, with the top or wearing surface of H 
rail only of Bessemer steel, the cost per ton on an annual make of 6,(1 
tons is £8 &». Sd. 

It therefore follows that the difference between these amounts a 
£10, the lowest price at which such rails c^au be imported into Swed 
fn)ni Etiglauil, viz. £1 7«. llrf., by plan A, and £1 13g. id., by plan 
respectively represents the net proflt to be derived from the trana 
of ivii>lliiig operations to Sweden. In other words, providing 1 
<«ilcnlation is not too low, this represents in the tirst case Ifi per oe( 
and in the second case about 20 ijercent. ofthe whole cost of productti 

In England, the London and North Western, and the Great Werti 
railway companies are rerolling the worn-out rails at their own wo 
shops, where the repairs of other railway materials are also execnl 
and at both these places Bessemer steel has been used for the head 
the rails. The other English railway companies are selling their wo 
out rails, as there is sufficient competition to prevent them being s 
below the market price. 

There isno railway company in France which has works for rerollingl 
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rom-outrailsr; neither is there any in Belgium orinPrussia, the rails being 
lold to the private rail mills in the respective countries, and being used 
A connection with other iron for rail manufacture. 

In Austria, the state railways are carrying out the reroUing of rails 
lithe state's own workshops at Gratz, while the making of axles and 
tbes is x>6rformed at the state's workshop at IN^euberg. 

In Bossia, the rolling of the rails is executed at a workshop near St. 
Eetersburg, altered for the purpose by a private company. The side 
[WOBA and top slabs are of manufacture, but sometimes the top slabs are 
laade at home from scrap iron. The English fuel is used. The Peters- 
[teg and Moscow railway receive in exchange for their old rails three- 
ifiiarters of their weight in new rails, and pay a certain sum, according 
pthe specification, for each weight of rails received. By the other great 
issian railway the old rails were at first sent to England, but for some 
[fine a private iron-work near Petersburg, called Orgareff, has carried on 
[fte rerolling on the following conditions : The railway company finds 
ton of old rails, and receives one ton of new rails, and pays £7 14«. 
ton, but has then a guarantee for five years. 
Having stated the case of Sweden as an example, other railways in 
Ittnilar circumstances in the British colonies and in the countries round 
IjUe Mediterranean may be similarly dealt with. The special con- 
jflitions being different in each case, make it difficult, if not impossible, 
fopi>give an example that would suit every case. The principle laid down 
ly be useful as a guide as to what is to be done with the rails when 
[tam out. 
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[IHE MOST ECONOMICAL MATEKIAL TO BE EMPLOYED FOE 

KAILS. 

In the first part of the third division of the paper, as to th'e best and 
Itofit economical material to be employed for rails, the particular circum- 
!«tances affecting Sweden are considered. 

From these facts the following conclusions are drawn : 

First. That solid Bessemer steel rails, which are not likely to be man- 
i&ctnred at a cheaper price in Sweden than in England, or £13 per ton. 
He too dear to use on the Swedish railways. 

Second. That the Swedish puddled steel rails, which cannot be manu- 
tKtnred for less than £12 per ton, are also too dear for the railways, 
even if they should last twice as long as iron rails of English make. 

Third. That steel top rails at £10 per ton are the cheapest for the Swe- 
tth railways, being cheaper than rails of Welsh iron at £8 per ton ; and 
ftat it will thus become the duty of the railways administration to pro- 
care such a steel-top rail, not only for the new lines about to be con- 
teicted, but also for the maintenance of the existing lines. 

In arriving at these conclusions, it must be admitted that, up to the 
piesent time, the experience of the durability of the different kinds of 
rails has not been sufficient to render the conclusions drawn thoroughly 

reliable. 
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Fiutlier, this exixjrience of the durability of the steel-top rail ana 
tlie solid steel i-dil niay not agree with individnal cases of t^iluro whf 
iu eoiisequence of defective weldiug, the 8t«el head has come ofl', or whj 
the solid steel rail lias broken. At the same time^ it must be admiti 
that the pi'oeess of steel making, and of welding the ste«l slats tol 
rail, is, as yet, in its infancy, so that great progress may yet be exiiec^ 
The principle ought not to be condemned because of individual failui| 

Assuming that, under a very hea>'j' traffic, common iron rails last i 
years, steel-top rails 15 years, and solid steel rails 30 years, and that J 
iron rails cost £7 per ton, steel-top I'ails £10 per ton, and solid steel i| 
£15 i>er ton, and that the old steel-tup and iron rails are valued atj 
per ton, aud the old solid steel at £8 per ton, then with a rail section (^ 
piiuiul'i per yard, 250 tons of rails will be required for one mile ofdod 
liiif, iiikI the cost of laying the rails may lie estimated at £1 i>er t 
The following example, as to iron rails lasting five years, will seryfl 
exitlain the way in which the subsequent annuity tables have been e 
cidated : 

Two hundred and fifty tons, at £7 per ton £1,' 

Cost of lajing down i 

Total 2, i 

Which sum, at the end of five years, at five per cent, compound * 

interest, becomes 2, 1 

The difference between this sum' (£2,553) and the value of the old I 

rails (250 tons at £4 per ton=£l,000} is 1, ( 



The annuity requii'ed to recoup this latter sum in five years is £29 

For one English mile of double line, interest being reckoned at 5] 
cenK, and steel-top rails being calculated to last three times and ae 
steel rails six times as long as iron rails : I 



Annuity tahle. — JTo, 1. 
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It may be objected that the prices quoted for solid steel rails in the 

iiregoing calculations are too high. Bails of this kind have been sold 

m. some places as low as £12 i>er ton, but for the very best quality the 

present price is £15 per ton, and it is only Irom these that the experi- 

eooe has been gained as to their enduring six times as long as iron rails. 

However, table ^o. 2 has been calculated for the different kinds and 

periods at the following prices, \iz : iron rails at£G, steel-top rails at £9, 

mid solid steel rails at £12 i)er ton, crediting the old iron and steel-top 

n&B at £3 per ton, and the solid steel rails at £5 per ton. 



Annuity table, — No. 2. 



■ 
• 


The annnity wonid be for — 


When iron nUIs last — 


Iron rails. 


steel-top 
rails. 


Solid steel 
rails. 


Iran 


£574 
404 
319 
268 
166 
133 
117 


£382 
283 
234 
206 
149 
136 
126 


£288 


\Jio 


233 


Lio 


230 


I..*).... 


174 


%M 


168 


tLio 


163 


Aio 


150 


■ 





This table shows that in all cases, except the last, solid steel rails are 
ie cheapest. 

The amount of traffic must, therefore, decide which material it is the 

»08t economical to use for the maintenance of the permanent way. For 

iD railways where ordinary iron rails are worn out in five years, or in a 

iorter time, solid steel rails are the most economical at the price quoted 

iillitableKo. 1. 

When ordinary iron rails last over five and up to ten years, steel-top 
ails would be the cheapest ; iron rails in these cases being clearly proved 
to be the most expensive, although the cheapest where they last from 15 
to 20 years. 

As these calculations are founded on the short experience gained up 
to the present time in reference to the relative endurance of the different 
Knds of rails, a still longer trial is desirable. 

The foregoing tables refer to rails of the Yignoles section. Table Ko, 
3 has been made up for the ordinary double-headed rails, according to 
fte prices stated, the considerations being the same as in table Ko. 2, 
•Kept that the chairs have been taken into account. Allowance has 
ieen made for 140 tons of new chairs per mile, at £5 per ton, credit 
kang given for the value of the old chairs at £2 10^. per ton. It may 
1» observed that steel-headed rails are here estimated to last four times, 
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and solid steel rails eiglit times afl long as ordinary iron rails; that i 
making allowance for the iise of t>oth faces: 

AnnKitg UAle. — No. 3. 



Wllen iron ralli Ij 



This table indicates that the iron rails are in no instance the cheap* 
bnt, on the contrary, that when iron rails Ia«t only up to five years, sod 
st*iel have the advantage ; and where the iron rails have a longer dui 
tion, thi'ii steel-headed rails ai'e the most economical. 

It is til he hoped that railway companies having a heavy traffic -t 
give <lill"ei'eiit sorts of rails great attent on, and snbmit them to tri^sfl 
a large s<^ale ; and, on the other hand, that the steel works will try tha 
utmost to raaiiutjictiire solid steel, as well as steel-headed, rails of t 
best sort for the purpose, so that tliis imixtrtant question may soon I 
decided. 

Before conclufling, another fact must be taken into consideration, i 
the safety of the three different materials, in regard to high i 
severe climate, &c. This seems of ]at« to have engaged the attentioid 
the railway world, and has been discussed, not only in England 1 
on the continent. The Swedish government, having undertaken i 
construction of railways in that country, appointed a committee, 6 
posed of many eminent men, to consider it. This committee foundj 
necessary to make experiments with different materials, from Englai 
as well as Sweden, and, after Ave years' consideration and study, t 
report has just been published by Professor Styffe, the director of ^ 
Govenmieut School of Mines at Stockholm. 

From this report it appeals that the tenacity and elongation of dlfl 
ent materials are influenced by the amount of carbon. 
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The tenacity mjluenced by carbon. 



DescriptioB of materials. 



Sessemer steel and Uchartins steel . 



teel. 



steel or iron 



lake ores, (rich in phosphonxs) 

I Dudley, (rich in slag and phosphorus) 

Midlesboro'-on-Tees 

ron from Sweden and Low Moor 

ron made in refining furnace 



Carbon per. cent 



1. 85 to 1. 
0. 69 to 0. 61 
0. 42 to 0. 33 



Specific gravity. 



7.5 
7.65 
7. 77 to 7. 80 

7.84 



Elongation per. cent. 



0. 3 to 0. 9 
1. 2 to 2. 1 
1.9 to 4 



0. 8 to 3. 4 
2.5 to 4.2 
3. 4 to 5. 9 
6. 1 to 9. 5 
7. 3 to 7. 8 



The absolute strength influenced by carbon. 



Description. 



Carbon per 
cent. 



;hareoal puddled iron 

;liarcoal puddled iron 

Bessemer steel 

Bessemer steel 

Besuemer steel 

Bessemer iron 

juddled iron 

puddled iron 

ron from another work *. : 

iron from another work 

iron from another work 

iron from another work 



Weight in 
lbs. per sq. 
inch when 
broken. 



0.8 


113, 381 


0.7 


84,265 


0.8 


90,921 


0.55 


86,941 


0.50 


71,090 


0.20 


48,102 


0.70 


83,441 


0.70 


83,716 


0.6 


73, 492 


0.6 


82, 344 


0.5 


78,432 


0.7 


86.049 



se tables show that the hardest material has the greatest absolute 
.th, both before and after permanent set has taken place, but it 
e least ductility; on the other hand, a softer material shows the 
',st tenacity or elongation, the Bessemer material giving the same 
3 as that i)repared from the same pig iron by puddling, refining or 
st-steel process. 

he diagram illustrating these results, the percentage of carbon 
losphorus is stated in nearly all cases. The limit for the amount 
)on seems to be for tlie Bessemer material 1.2 to 1.5 per centum, 
i larger amount the absolute strength, as well as the tenacity, has 
ound to decrease. When the amount of carbon does not exceed 
' centum, and the material is not worked at too low a heat, the 
tion seems to be 16 per centum, or the same as for puddled iron 
je same pig iron ; and as such Bessemer material is not only much 
3r, but also more solid or homogeneous than the puddled material, 
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it (le«i?r\"e8 a dei'ldeti preference for all railway purposes. The few caa( 
of failures of raUs by breHking maybe accounted for a,a tlie reatdt oi'ti 
hard a material, not i>erfectly manufiR^tured, haiiiig been made at til 
eoi'liei' period of the iiitroductiou of the process. The eKi>erieuce whi 
has now been ytUned should certainly prevent any retmrrence of this. 

Iron and steel when tried for tensile strength under the influence > 
extreme temperatures, aiich as boiling water and at the freezing poi 
of mereiu-y, has led to the discovery, contrary to the general belief, til 
the tensile and absolute strength is greater duiing cold than dnrii 
ordiuarj' temi>erature ; that is, ii'on or steel is stronger in winter than, 
siuimier. The reason why more breakages occur in winter than in 3 
mer is asserted ta be due to the extreme cold afteeting the elasticity 
the HiipjKU-ts, (sleepers,) and that elasticity in any way given to the rfl 
ing stock also favorably affects the rc^sistanee of the rails. 

However, if the supports have the same elasticity in summer as 
winter, as, for instance, would be the ease witli granite rock, then Pi 
fessor 8tyffe asserts that the same nuls, either of iron or of steel, ( 
reaist a heavier blow from a falling ball at the temperature of extrei 
cold tliiin on a hot summer's day. Altliongh the experiments have be 
e<mdueted with the utmost care and skill that science and money e 
aft'oid, it seems desirable that this theorj' shoidd be proved on a larg 
scale than Professor Styffe has had an opportunity of doing, before 
can be relied npon. 

At a meetijig of engineers, at St^ickliolm, in March, 1867, 
decided that Bessemer steel rails, made from charcoal pig iron, J 
without risk, be used 10 per centum lighter than the English iron rai 
and iu Austria this has alrea<ly been practiced with success hy t 
engineei'in-chief, Withler. 

It must, however, be observed, that the raw material use<l in bd 
, cases is charcoal pig iron of a superior quality as compared with thi 
used in England for making Bessemer rails, which may be seen fro: 
the following analyses made by two eminent chemists : 

AiuUyifes of Sieediah and Ungtish pig iroit. 



ADalyied by Kahlber^f. 

Manf»nB»-.- _ afliW 

Salpliur aOlS 

Phoiphonii aoSB 



These analyses show that the great dift'erence between the two is' 
excess of silicon iu the iDuglisli, and of manganese in the Swedish ; 
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iron; thus explainiug why the one gives a better result than the other, 

although worked entirely without the addition of spi^geleisen. 

If there be only 0.6 per cent, of carbon in the solid steel, and 0.3 per 

eent in tbe steel for the steel head, the safety ought to be the same for 

aH the three kinds, and this would not influence the former calculations 

as to which is the best and most economical material for rails. 

Having watched the development of the Bessemer process in England, 

IS well as on the continent, it seems to the author that by that process 

i good and pure raw material has the same advantage over an inferior 

006 as in all other processes, and that a superior i>roduct cannot be obtained 

from an inferior raw material by that process any more than by others. 

h having mentioned Swedish material, as an example, it must not be 

mpposed that it is wished to advocate the use of Swedish iron in this 

ewintry, but simply to draw attention to the better material, as equally 

good charcoal iron ean be supplied from Canada and India, both English 

wlonies. It may also be remarked, that the author's endeavor has 

\»eft to arrive at the truth irrespective of prejudice, and that he has no 

ifigh to be deemed an advocate for one kind of rail more than any other. 
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These observations determine the sense of the luw. To s^Ktak properly, 
the legislatnre has wished, with regard to women, merely to siinetion the 
pre-existing usages, and all shows that it had particularly in view the 
work people of factories, and those who exercise an indmtrial jmi/smon, 
properly so called. 

It is within this limit, tbr the present at least, that I shall caiise the 
law to he execnted. It will be i)miwr, thert'fore, that you abstain from 
all mitiativG in regard to female operatives hitherto not subject to tM 
nse of the Ueret, limiting yourselves to iaeilitating the pi-ocnring of thu! 
title by tliose who seek it voluntarily. It will only be after a certsufl 
time of experience that the administration will be able to fix its juris 
prudence on this point. 

There are certain professions which resist the adoption of the Hvret bj 
claiming for those who exercise them the quality of ariint«. Tlie lafl 
fiu-iushes on this pretenftion a very simple means of solution by makii^ 
the livret an electoral condition for the formation of the cmisuI des prud^ 
hommeg; every individual who will hare or who would like t« take part li 
in this election will be held to the obligation of the livret. m 

On the other hand, some have submitted at times to this obligatioit « 
under pretest that they have no patimtes — ^persons working directly fat' m 
the consumers without intermediates. This is an error; these persons' ■ 
are not operatives ; they ai-e manufacturers, patented or not. ■ 

2, — Of the GivmG of the livhbts. 

In future the Ivpret may not be obtained except on the pi-odnction 
an act (iertifled by you conformably to the 2d paragraph of the 4th artid 
of my ordinance. You will have, therefore, in the delivering of t 
livrets an essential part to j)erform on the subject of which I should entd 
inb) some details. 

For a long time complaints have arisen about certain frauds whiel 
reduced the Kvret to a useless formahty; these frauds arose from th 
facihty with which the unfaithful workman could obtain a new I4tn 
after having left a previous one in the hands of an employer whom b 
had cheated. To put an end to this manceuvTe the various project* pW 
8ent«d to the chambers hail surronndwl the delivering of a Krret with! 
long series of justifications in some respects fortified by the sauctJtyd 
an oath, by means of which it was hoped to assure at last the right d 
this title. 

This was an error. For all that they were so minute, such precaution 
remained always impotent to prevent all the frauds, and they hod tt 
serious inconvenience of multiplying the formalities to the extent of b 
coming arrogant and vexatious for the mass of honest workmen. 15 
new law proceeds by quite different means and infinitely more equit»Ul 
anil worthy. Instead of detailing a series of requisites, narrow and B 
elusive, it confides in the prudence of the administration as to the g 
aoteea to be required ; it suppoaes- the good feith of the worki 
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gives him every facility for obtaining a livret; bnt it punishes bad faith 
uid visits with a correctional penalty manoeuvres and false declarations, 
of which, moreover, it secTires the evidence. It follows from this system 
tiiat in the exceptional cases where the workman is not in a position to 
conform to the usual requirements, he can obtain a livret by a simple 
declaration signed by him, but at his risk and peril, and under the sanc- 
tion of aarticle 13 of the law of 22d of June, which should be read to Mm 
hefarehoMd. Such is the provision of article 3 of the decree of the 30th 
of April, to which I invite you to refer each time that you may have to 
make application of it. In prescribing the reading of the penal text, 
the decree has sought to prevent a provision altogether benevolent 
toward the workman from becoming a snare for his inexperience. This 
fiNrmality is therefore an act the omission of which would involve your 
conscience and your responsibility. 

You will remark that the provision which I have just mentioned is in 
iiowise intended to set aside the conditions and guarantees hitherto 
lequired. It will only be under rare circumstances that it will be neces- 
sary to rest on the simple declaration of the candidate. But in ordinary 
eases you wiU have to require of the workman who solicits the certificate 
lequired by article 4 of my ordinance the proof of his identity and of his 
industrial position. This last proof will be given in future before youj 
it consists in general of the production of a discharge from apprentice' 
ship, of certificates of labor given either by the former master or by the 
one who desires to employ the candidate, or, in short, of other similar 
doemnents. 

Supposing the seeker to produce proofs of this nature or to demand 
Ike benefit of article 3 of the decree of the 30th of April, it will remain 
inr you to ftilfil his demand. I have had printed a form of certificate 
vMch it will be your duty to deliver, and copies will be furnished to you 
fromiondlly by my prefecture. This will be filled out by the commis- 
Amer of police of the place of residence of the workman. As I have said, 
itwiU be indiscriminately required of all workmen who demand a livret^ 
be he even a native of Paris. As to the documents of proof and the cer- 
tificates of labor, they will continue to be legalized by the commissioner 
tf the place of delivery, and they will be presented to the functionary 
who receives the request for the livret and who gives the certificate. 



3.— REaiSTBATION AT THE PREFECTURE OF 

THE DEPARTMENTS. 



LIVRETS OBTAUNED IN 



n. 



Article 2 of the decree enacts that there will be kept in each commune 
(at the prefecture of police for the department of the Seine) a register on 
which will be recorded at the time of their delivery the livrets apd visas 
rf travelling. This is a measure which interests the good direction of tlie 
Sttvice; but it would remain ineffectual in a (ientre like Paris if it limited 
Wtf 'to the recording of livrets obtained at the prefecture of police; also 
^ the terms of a very old provision, reproduced in article 6 of my ordi- 

in T C* 
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nance, the livrets delivered in the provinces must be equally registered 
at my office before they can be made use of in the province of the pre- 
fecture of police. This formality is shown by a special visa. I recom- 
mend you to see carefully to its execution. 

4, — ^XJsE AND VISA OF THE LIVRETS. 

The new regulation makes no change in the jurisprudence followed at • 
Paris as to the use and visa of the livrets. You wiU have therefore \ 
merely to follow in this respect the established traditions which are 
specially mentioned in articles 6, 7, and 8 of my ordinance. 

Thus the workman cannot he admitted into an establishment excefpt on the q 
presentation of a livret He cannot leave this establishment except after hav- i 
ing obtain^ a regular dismissal^ and he must within the twenty four hours ^ 
of his leaving submit this dismissal to your visa. It is only after this form- '^ 
ality that he can he received by a new employer under penalty of prosecution «; 
of the latter^ except in the case that will he mentioned hereafter^ of home work- 
men. On his party the employer cannot receive a workman unless as the latter 
is furnished unth a livret in proper condition. He vis^s this livret at the 
entry of the man, records it on his register, and submits it within the ^ 
twenty-four hours to your own visa. :j 

After such visa given by you, you are to address to me an abstract in ., 
the form of a printed bulletin, of which you wiU continue to demand from /, 
my office the blanks which you may require. The sending of this bulle- ,\ 
tin, neglected of late, must be recommenced. I attach a real importance j: 
to it. I shall take care that this measure be strictly executed, and I ^ 
count on all your vigilance in this respect. 

You will notice that the bulletin of which we speak should relate the advances 
with which the livret may be charged. Please recommend this detail to the 
attention of employers. 

5. — Distinction of the two categories of workmen subject to 

THE LIVRETS. 

I come now to one of the most important provisions of the law, and 
one at which it is the more necessary to stop, as it is new and of a com- 
plex application. 

Hitherto the majority of artisans working at home and known under 
the name of home workmen, (ouvriers en chambrCj) have remained with- 
out the use of the livret. This was a deficiency to be fiUed up ; but there 
arose difficulties of which the former laws failed of the solution. Of the ^ 
home workmen, there is no hesitation as to those working for a single 
establishment, to which they are really attached. They should be sub- 
ject to the livret. But others, working simultaneously for several em- 
ployers — ^how can the ordinary obligations which the use of the livret 
entails be reconciled with such a situation f The legislature of 1854 has 
not allowed itself to be hindered by this objection. It has considered 
that the benefit of the livret consisted before all in its very existence. 
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Consequently, it has prescribed the employment of it indiscriminately 
for all workmen, dispensing, in favor of those working for several mas- 
ters, with formalities incompatible with their position. The law distin- 
gaishes, therefore, two classes of workmen subject to the use of the livrety 
but with different obligations : 

1. Those attached to a single establishment and employed only by it, 
whether they work in this establishment itself or outside. 

2. Those working habitually for several establishments and employa- 
ble by more than one master at the same time. 

The first can only he admitted into a new establishment on proving their 
integrity by a dismissal or certificate of departure from their previous em- 
ployer ; the others are relieved of this formality, and obliged simply to 
have tlieir livret vis6d at the commencement by each employer who hires 
them ybr the first time. You will And these distinctions clearly defined 
in acts 7 and 9 of the decree of the 30th April. 

By tlie terms of the second paragraph of the first article of the same 
decree, the livret must state to which category the workman belongs. 
Again, article 9 obliges the chief of the establishment who receives a 
workman to mention, as well on his register as on the livret of the said 
workman, in what capacity he employs him. 

Thus the character or category of the workman is determined by the 
ma of entry which the employer of the two categories is obliged to enter 
on the livret at the time that he employs this workman ; and since the 
obUgations and rights of the workman and employer vary according to 
the category to which the former belongs, it is of the last importance to 
observe in the visas the fundamental distinction which has just been in- 
c-ffl dicated. 

[V 1 To render this distinction more apparent, I have ordered forms of visas 
which I invite you to have adopted by the chiefs of establisments. They 
are as follows : 
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1. — Visa of entry for the worlcmun of the first category. 

"Admitted by me as workman attached to a single establishment. 

Paris, the , 18—.'' 

(Signature and residence of employer.) 

2. — Visa of entry for the worlcman of the second category, 

"Employed by me as workman, working habitually for several estab- 
fchments. 

Paris, the , 18—.'' 

(Signature and residence of employer.) 

3. — For the dismissals or certifi^cates of departure. 

"Discharged, free of obligations, the . 

Paris, the , 18 — ." 

(Signature and residence of employer.) 
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You have already understood, gentlemen, that that which I have now 
said of the indication in the visas of the category to which the worit- 
man belongs, applies to the certificate which you have to deliver for the 
procuring of a livret 

Finally, it is evident that the workmen of one category can pass into 
the other with the same livret This change is shown in full force by the 
visa of entry. But here there is a remark to make : if the workman pass 
from the first category into the second, he must in the first place prove 
the accomplishment of his engagements towards his last master, while 
he is held to no proof in order to pass from the second category to the 
first. 

6. — ^Eegisteb to be kept by the chiefs of establishments. 

1 

The law of the 22d of June contains still another innovation, of whidi^ 
you will easily understand the importance : it prescribes to the chiefs d? 
establishments the keeping of a special register, in which he shall enter :f^ 
the name and position of each workman whom he employs. Conforma- y 
bly to article eight of the imperial decree, and of the delegation contained • 
in article ten of my ordinance, this register will be numbered and comi- .;, 
tersigned by you ; bht youwiU address to me for each countersigned r, 
register a bulletin, bearing an abstract of your minutes ; printed copies 
of these bulletins will also be supplied to you from my prefecture. 

You will open with each of your commissariates a register, in which i- 
you will enter the chiefs of establishments whose private registers you 
have countersigned. 

These latter registers are not subject to any periodical visa ; still they 
will be communicated to you upon requisition, without being removed 
from the establishments themselves. It has appeared to the council of 
state that this provision will sufficiently facilitate the exercise of your 
supervision. 

7. — ^Penal sanction— execution of the law. 

Having fixed all the points of this important regulation, the legislature 
has wished to insure the execution of its work by attaching a penal 
sanction. The penalties which it has ordered are moderate, in view of 
the nature of the things, but sufficient in the hands of a vigilant admin- 
istration. Henceforth, everj^ infraction, either of the law itself or of the 
legal regulations on the matter, will constitute a punishable offence. Thus 
a deficiency is filled up which compromised seriously the preceding 
legislation. 

I have only, gentlemen, to appeal to your zeal and experience to insure 
the reorganization and regularity of a service which I consider among 
the most important. I have reason to believe that, by means of the in- 
fluence which the coufldence of your people gives you, you wiU succeed 
in general in the usual way in obviating offences and prosecutions. It 
is my desire 5 but when, thanks to your counsels and your benevolent 
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directions, the law shall be known and understood, you wiU have to 
search attentively, and report to me the infractions which may be com- 
mitted against these wise provisions. The multiplicity of our relations 
with the industrial iK)pulation, the keeping of the register of the em- 
ployers, the visa of the livretSj their usage as papers of surety, will be 
to you so many opxK)rtunities and means to exercise a control which 
ought not to permit any violation, if it is done with the perseverance 
vhich I expect from you. 

After having excited your zeal and your ordinary devotion, I conclude, 
gmtlemen, by making an appeal to your prudence. You have to make 
flie application of delicate measures ; some of them excite susceptibilities, 
which it is necessary to allay or avoid ; others are new, and will permit, 
especially at first, a wise reserve; all require tact and moderation. I 
hope that under these circumstances you will know as usual how to ally, 
m a just measure, prudence to firmness, and that you wiU contribute 
powerfdlly to assure the success of a regulation which ought to be a 
new title for the government of the Emperor to the recognition of the 
comitry. 

I beg you to acknowledge the receipt of this circular. 

Receive, gentlemen, the assurance of my perfect consideration. 

PIETEI, 

The Prefect of Police. 
By the Prefect : 

A. De LAULXUEES, 

TJie Secretary Qeneral. 
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APPENDIX H. 

EVIDENCE GIVEN BY ABRAM S. HEWITT BEFORE THE TRADES UNION 

COMMISSION IN LONDON, IN 1867. 

1, Pabk Prospect, Westminsteb, 

Tuesday, July 16, 1867. 

Present : The Eight Hon. Sir William Erie, the Eight Hon. the Earl of 
Lichfield, Lord Elcho, M. P., Sir Daniel Gooch, Bart., M. P., Hermai^ 
Merivale, esq., C. B., James Booth, esq., C. B., Thomas Hughes, esq., Ml^ 
P., Frederic Harrison, esq., William Mathews, esq. 

The Eight Hon. Sir William Erie in the chair. 

Mr. Abbam S. Hewitt further examined. 

By the Chairman : 
Q. I think you propose to say something on the general conclusion at 
which you have arrived with reference to the subjects on which you have 
been examined here ? — A. Yes ; I propose to add, as the answer to a 
question which Mr. Mathews put to me, the conclusion which I intended 
to utter at the time, but which probably passed from my mind in conse- :i 
quence of some interruption. Mr. Mathews said to me, " Is there any <i, 
other information with which you could furnish us which you think would jr,^ 
be of use to this commission F And my reply then was to this effect: "I -^ 
am going back to America, and will then be very happy to collect the tj^ 
information and send it to the commissioners ;" and I stated then "It is - i 
not a question of master or workman, but of the public welfare.'' Now t \ 
to that question I desire to add this conclusion : " The general conclusion > , 
at which I have arrived is that the effort to produce commodities at the 
lowest possible cost, in Europe generally, has led to the employment of 
juvenile and female labor to an extent and in a manner not consistent 
with the laws of humanity and the best interests of society; that the * 
employment of this kind of labor has had the effect to reduce the stand- *^^ 
ard of wages generally, and, instead of adding to the resources of the ^^ 
family, has simply secured the labor of the entire family for the wages 
which would otherwise have been paid to the head of the family, if he 
alone had worked for wages. This system is a leading argument against .^*'^ 
free trade in countries where the men only work out of the household, 
and generally tends to reduce the condition of the laboring classes all 
over the world. The restraining acts now in force in England with Q. 
regard to the employment of children is a step in the right direction, and jr r^ 
if other countries, such as Belgium, France, and Germany, could be y tL 
induced to co-operate, the condition of the laboring classes in Europe twf^ 
could be greatly improved, although the cost of particular commodities ^Ik) 
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might be slightly increased. But the production of cheap goods may be 
secured at too great a sacrifice, if it be at the expense of the comfort and 
moral tone of the working classes ; and this appears to be the point at 
which you have arrived in England, and against which there is an 
instinctive rebellion, both among the enlightened and the ignorant, mani- 
festing itself among the latter in organizations at war with the fdnda- 
mental principles of social order, such as trades union associations.'^ 

By Mr. Mathews : 

Q. That is simply an extension of the answers, though embodying a 
Me more matter, which you have given previously ! — ^A. Yes, that is 
my idea. 

By the Eabl of Lichfield : 

Q. Are you aware whether trades unions have ever taken any steps 
to prevent the employment of children under a certain age ! — ^A. I have 
no knowledge on that subject. 

By the Chairman : 

Q. I believe you have another matter which you desire to mention ? — 

A. I desire to correct my testimony upon certain points. I testified that 

the eight hours law had been passed by the legislature of the State of New 

York, but had been vetoed by the governor. I was so informed at the time 

that I gave the testimony, but within two days after the testimony had been 

given I received information from home that the governor had signed the 

hill ; so that all that portion of my testimony which is in commendation of 

the governor for his firmness in resisting that law is out of place ; he has 

actually signed the bill, and received the thanks of the working men for 

having done so. This is the form, therefore, in which my testimony 

ought to stand : " I am advised that the governor of the State of New 

York has signed the bill making eight hours a legal day's work in the 

State of New York, and that it is now a law." 

By Mr. Mebivale : 

Q. You have no objection to its standing as your deliberate opinion 
that trades unions in themselves, whether conducted moderately or 
immoderately, are absolutely "at war with the fundamental principles 
of social order ?" — A. I speak of trades unions as I understand them, 
lean imagine that trades unions for another purpose would not beat 
var with the fundamental principles of social order. I refer to trades 
ttuions that undertake to lay down the conditions upon which labor shall 
be bought and sold in the market. 

By Mr. Booth : 
Q. Is it your opinion that the eight-hour law will be acted upon in 
the State of New York! — ^A. I am now prepared to give some testimony 
On that subject. The passage of the eight-hour law in Illinois was fol- 
lowed by a general strike of the workmen in Chicago for eight hours' 
labor with ten hours' pay. That failed, as a matter of course, and they 
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have resumed work in Chicago at ten hoars a day, or in some cases at 
eight hours a day with 20 per cent, deduction from the wages, making 
it an equivalent comi)en8ation for the time. In New York the workm^a 
have not struck, but instead of that they held a convention in the citf 
of Albany, which is the capital of the State, and in that conventioA, 
after a great deal of discussion, they resolved that after the Ist day ol 
November next no member of a trades union would work more than ^gW 
hours per day for a day's labor, but that they would accept 20 per cent 
deduction on the wages which they were receiving for ten hours; so that 
the question now is simply the question of working eight hours at an 
equivalent rate of wages to the rate received when they worked ten 
hours, and they have resolved to put that in force on the Ist day of Na 
vember next. 

Q. In what form does the act limit the day's labor to eight hours f-^ 
A. It simply declares that, in the absence of any provision to the con- 
trary, a legal day's labor shall be eight hours ; so that if I contract with 
a man for a day's work at any given sum he is bound to give me eight 
hours' labor for that sum, and I am .bound to accept eight hours for thaC 
sum; but there is nothing in the law to prevent a contract formorehoui» 
and a different rate of wages. I have brought with me the resolutiona 
which were adopted by this convention. I do not know that the cont- 
mission wish to hear them, but they are brief, and I brought them fox 
the purpose of showing in what form these matters are coining up inouc 
country. I testified before that I thought that trades unions had no4 
reached so great a degree of development in America as here. I stiU 
think that in details they are less perfect, but I find now, on investigar 
tion, that every trade is organized into local trades unions, and thatthej 
have general conventions or assemblies which lay down the laws fortli€ 
local unions ; that in every one of the northern States these conventions 
exist; and that they have just now called a national convention to mett 
at Chicago in August next to organize a national labor party, with the 
intention, doubtless, that they shall run candidates for public office.. 

Q. When you say the trades unions are less perfect in America, do you 
mean that their control of the labor market is less effectual! — ^A. I think 
we have not felt it as you have felt it ; my idea is that they have not 
reduced the thing to so perfect a system of watchfulness over the mem- 
bWs ; but I do think that the organization now pervades the whcde of 
the norfhem States, and almost every branch of industry. Of course I 
have been getting information since I was last here on these points, and ' 
I find that the thing is much more perfect in America than I supposed 
at the time I gave my testimony. 

By Mr. Mathews: 

Q. Have you considered whether the ulterior object in demanding that 
eight hours shall be a day's work is to attempt by and by to get the same 
wages for eight hours as are now given for ten hours! — ^A. I have not 
the slightest doubt that that is the aim of the workingmen. They first 
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tried to get the some wages for eight hours as for ten honrs. Tliey failed 
in that, and now there is no donbt that, in establishing the eight hours, 
Ihey look forward to having the same wages as they now have for ten 
lioors. 

Q. Eight hours is what you call in America the platform of labor! — 
A. Yes. 

Q. And eventually their object is to get the same wages for eight hours 
« previously they had for the longer time! — A. Yes. I should like to 
|«l these resolutions to which I have referred in testimony 5 and if you 
[mil allow me to read them, I think they will give you the best idea I 
leui possibly give, fix)m the workmen's mouths themselves, of the pres- 
je&t state of opinion among them in the United States. 

By Mr. Booth: 

Q. They will show us what the workmen are, in fact, aiming at ? — A. 

[Tes. This is the report of the committee, which report was adopted, I 

ly say, by the convention : " Your committee, to whom was referred 

all-important subject of good and welfare of this body;'' this being 

I convention of the working men. 

By the Chairman: 

Q. Simply as workingmen, not as working builders only, for instance ! 
[-A. ISo ; a convention of delegates representing the various local trades 

dons in the State of !N^ew York, so that it is practically a parliament- 
body : "Whereas the legislature of the State of New York did, at 

session, pass an act entitled the eight-hour labor act, making eight 
a. day's work in the absence of any contract ; and whereas it is only 
and proper that the workingmen of our State should enjoy the bene- 
intended to be conferred by said act ; and whereas our employers, as 
[»body, have shown an unexpected hostility to the adoption of theeight- 
|loQr system, even though we should concede a corresj^onding reduction 
!«f wages, and notwithstanding the fact that we have an eight-hour law, 
80 called, have not enforced it, but still continue to work their employes 
theretofore, and to cause the convicts in our prisons still to be worked 
ten hours : Therefore, Besolved^ That wishing to do equal and exact jus- 
tice to all men, and being extremely anxious to avoid all trouble or cause 
of disagreement between ourselves and our employers, we will insist upon 
Jio extreme measures, nor act in a manner calculated to entail loss upon 
those who employ labor. Besolvedy That in order to give our employers 
ample time to fill all contracts predicated upon the present system of 
labor, we will not insist upon the adoption of the eight-hour system until 

the , and that, commencing with that date, we will work eight 

hours for a day's work, at a reduction of twenty i>er cent, of the rate of 
wages then paid, and that all time worked over eight hours shall be paid 
for at the rate of time and a half time. Besolvedj That whether we are 
successfiil or not in our present efforts to secure the hours of labor, we 
will still continue to advocate this reform, and, having full confidence in 
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the justice of our cause, we will never cease to advocate it until we secure • 
its adoption throughout the entire continent." The report was accepted ^^ 
and the question was deferred for farther action ; then, finally, the report ^^ 
was adopted, and the time filled in the 1st of November next. That is 
the platform which they adopted. And then there is a resolution " for JK 
a committee to wait upon Governor Fenton, and ask him to issue a proc- ^ 
lamation declaring that eight hours is a legal day's work on the public at 
works, in conformity to the law of last winter;'' and that was adopted, fci 
Q. The "public works" means works on which convicts are engaged, if)| 
I suppose ! — ^A. The public works with us, I should think, would mean 
canals and public works which belong to the State. I should doubt _ 
whether they mean works in the State prisons, but it is quite evident ■j 
that they do contemplate reducing the labor of the convicts in the State 
prisons. j. 

By Mr. Mebivale : ,j 

Q. Can youat all form an estimate of what proportion of the population itto 
in such a State as the State of New York, among those properly called ih 
working men, would be men who would take part in these unions? — A. jiiii 
The percentage would be quite small of the whole number, but I should U' 
not like to make an estimate now. 'ti 

Q. It would be larger, I presume, in New York than almost in any tt,i 

other State, except in the New England States! — ^A. I think that in the u, 

eastern States, New York, New Jersey, and Pennsylvania, and the New . 

England States, the percentage would be larger than elsewhere 5 but I 

think that of the whole number of the population, the number that belong 

to trades unions would be comparatively small. It would be a guess, as "'^ 

we say, an estimate, but I cannot imagine that it would be more than "^ 

ten per cent. - " 

ill 
By Mr. Mathews : 

Q. Have you ever considered, supposing that this scheme for limiting >. 
labor to eight hours a day is carried out and acted upon, and that other n 
classes find it necessary to limit themselves to eight hours a day, namely, ^ 
merchants, lawyers, public functionaries, &c., what the effect would be jr 
upon society! — ^A. I suppose that if there were a general reduction of ^ 
the hours of industrial work or other work, there would be a reduction 
of production, that the work would have less stock to distribute among 
its various members, and we should all be poorer in consequence. 

Q. Beyond that, would not the effect of having sixteen houi^s' idleness 
act very prejudicially upon the morals of the community! — A. I think > 
that it depends very much upon the training which the man who has the ( 
leisure has received. I can readily understand that a man like Charles ». 
Lamb, when relieved of his work at the India House, found it very profit- i^ 
able to have leisure time. Many people would use the leisure well, while ,. 
other people might waste it in dissipation. But that is a matter of train- -^ 
ing. I think that if the working men had a perpetual holiday, without ^^ 
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my preliminary trainiug, they would plunge into dissipation and vice; 
Imt, on the other hand, if they had been trained to artistic and intellectual 
pursuits at some portion of their lives, they would make good use of their 
leisure. 

Q. But men Uke Charles Lamb do not abound! — ^A. I agree with you, 
and I cannot lay down so broad a proposition on the subject as to include 
all I think, as a general rule, that people become vicious and dissipated 
when idle, and that they are happy when they are fully employed. 

By Mr. Habbison: 

Q. Do you think that, with the progress of civilization, (supposing 

dvilization to progress in a reasonable manner,) working eight hours a 

day would be less favorable to the general condition of the workmen and 

iif the Tvorld than working ten hours a day? — ^A. I cannot say that it 

rould. I have to apply all these questions to my own feelings and my 

own case, and I should say that I would consider it a very desirable thing 

personally to be relieved from close attention to the business out of which 

I get my livelihood at the end of eight hours, and I could employ my 

time profitably in other ways. I cannot say that I think a reduction of 

the hours of labor would be injurious to society ; but I can say that I think 

that a reduction of the hours of labor would be injurious to society, unless 

it were accompanied with proper training. 

By Mr. Mathews : 

Q. Unless, in fact, the virtue predominated over the vice? — ^A. I think 
that everybody must be trained for leisure. 

Q. To adopt the leisure, without a previous preparation for it, you 
think would be injurious to the welfare of any society? — ^A. Yes. 

Q. You spoke of women and children, and you stated that you consid- 
ered that the labor of women and children should not be brought into 
operation, because it tended to reduce the rate of wages generally. Have 
you ever considered whether it is not necessary to employ children in 
order to have skilled adult workmen hereafter? — A. The process of indus- 
trial education, of course, must begin at some time or other in life. 

Q. Do you mean by education simply a school education, or education 
for a man's after occupation in life? — ^A. By education I mean both intel- 
lectual education and industrial education; that is to say, the education 
of a man in his trade. I think that there is a time when both of those 
should commence, and I think that the intellectual education should 
begin before the industrial. 

Q. Do you think that the industrial should begin during childhood or 
Iif/ boyhood? — ^A. I think it is very desirable that it should. 

Q. So that, if you were to throw out of employment children of a cer- 
tain age, you would cut at the root of the process by which skilled labor 
is got, both in this country and America? — A. I think that if I were to 
assent to your proposition I should be doing injustice to myself and 
injustice to the question. I clearly think that the young should be trained 
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for industrial pursuits 5 but I think that for them to be confined and 
restricted to industrial pursuits, that is to say, to receive no other educ^ . 
tion but an industrial education, and especially the hard kind of labor 
I have seen them subjected to here, is decidedly wrong, and it is in that , 
point of view that I make my criticisin. I do not object to induslaial* 
education, but I object to it to the exclusion of other education. I se6 
children put to work in Euroi)e at a very early age, and being kept at rt 
always, they lack the other training which 1 think is indispensable toi fii 
them to deal with just such questions as we are now dealing with. ^ 

By the Earl of Lichfield : j. 

Q. At what age do you think that that industrial education shoiildi. 
begin! — A. In our country, as a matter of practice, we usually begin at 
fourteen; but at Paris I have seen schools, under the Freres de la Dod-' 
trine Chr6tienne^ in which the trade instruction and the inteUectuW' 
instruction goes on together, and there they take children as young ai(^' 
eight; but both branches are taught in the same schools. ^ 

Q. In that case, how is the time divided between the industrial eductf-"** 
tion and the intellectual education! — ^A. Four hours is given to the intet ^ 
lectual education and eight hours to the industrial training. ;'" 

By Mr. Mathews : 

Q. Is it all done under the same roof! — ^A. Yes. * ^ 

By Mr. Harbison: li 

Q. Are you referring now to children of eight years of age! — ^A. Thef^i 
begin at eight years of age. ^^ 

By Mr. Mathews: "^ 

Q. Would it be practicable to carry on that process with the generality^ 
of the trades in England! Take the iron trade, for instance! — A. 1 
should say that it would not be practicable in the iron ti'ade. They havtte 
been compelled to select a few of the artistic branches of business, sildli 
as the manufacture of opera-glasses, trunk, frames of pictures and lookinjfc" 
glasses, and things of that sort, things mainly connected with the artistiPB 
business of a large society. I think that a system of education is qtiitii^ 
possible in iron works, because at Creusot, one of the largest iron worfei 
in the world, I found that the children were all instructed in th^ schooLjs 
and that the education was of a class to fit them to become iron workeria 
for instance, they were taught arithmetic, reading, and writing and dra^w 
ing, and the girls sewing. They were careftd, and I think wisely so, n^ 
to carry the culture beyond the purposes to which these children wer 
required. Music they were taught also. 

By the Earl of Lichfield : 
Q. At what age do the children commence working at the iron worlc 
in your country ! — ^A. In our country the youngest will be found amoni 
mines, and I know of no case where they are under 13 or 14 years of ag^ 
The wprk they do there is usually to drive a horse. 
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Q. And do you think that, beginning at 13 or 14 years of age, they 
can obtain that amount of training which is necessary to enable them to 
become efficient ! — ^A. I h^ye no doubt of it. 

Q. Of course the iron works are kept open night and day ? — A. Yes. 

Q. Are the children at that age, 13 or 14, employed during the night, 
like the others ? — A. They are compelled to work at night. They are 
the catchers around the small trains 5 for example, it is necessary to have 
small boys, because they are qidck and active to catch the rods, and for 
that purpose they must be there night and day. 

Q. That you And is necessary? — ^A. That I find is necessary, and, 
according to my observation, not injurious. 

By Mr. Habbison : 

Q. In the addition you have made to the evidence given on the last 
occasion, you have said something about the general character of unionism 
as you have observed it. Speaking generally, to what are you disposed 
to attribute the origin of unions ; to what general cause do you suppose 
tiiat unions are due ? — A. I have stated in my testimony previously that 
I believe that this restlessness and uneasiness which exist among the 
laboring men all over the world, and especially among those who are more 
enlightened, arise from two causes ; one of those is the general introduc- 
tion of machinery, by which production has been enormously increased 
without (as the people believe) a corresponding rearrangement of the 
laws of distribution of the proceeds ; it is a feeling arising out of the 
belief that the profits of industry are not distributed fairly. That is the 
first cause. Secondly, the large introduction of gold from California and 
Australia has disturbed the relation of value, and labor, among other 
commodities, has had its value disturbed. It is reaching an adjustment 
wMch it would reach without the trades unions, but which these working 
^■Bien believe they wiU reach more readily by the trades unions. 
^1 Q. Then you believe that the existence of ti;§des unions is a result of 
^ I temore general causes which exist among the working classes as a 
^1 whole! — ^A. I think that the trades unions are a symptom of the read- 
'^1 jostment of the relations of capital and labor. The production and the 

^*|ittdii8try of the world have outgrown the principles to which we have 
keen trained ; and the world is now engaged in readjusting these questions. 

K^l And I am confirmed in that view by these facts : I find that this restless- 

:eisji»88 seems to prevail just in proportion to the intelligence and the wages 

ra^l of the working men ; the more intelligent they are and the higher wages 

fey get, the more restless they seem to be. In France, for instance, on 

fe other hand, where I found the workmen much more ignorant than 

^ere, I found much more contentment. The contentment seems to be in 

proportion to the ignorance, in other words. 

Q. Have you found analogous tendencies and similar objects to those 

^kich trades unions show are at work in the working classes to exist 

*Dioiig those who are not members of trades unions ! — A. Yes ; I think 

that there are a great many who are not members of trades unions who 
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are striving to reconstruct the industrial system upon another basis ; that ^ 
is to say, the co-operative basis ; and in Germany, especially, they have ^ 
made considerable progress in that direction. . 

By Mr. Merivale : 

Q. You refer to the Schultze-Delitzsch movement! — A. Yes. 

By Mr. Mathews : 

Q. Do you think that the discoveries of gold in Australia and California 

have so acted as not only to have increased the value of commodities 

generally, but that the value of labor has not increased in proportion to 

the value of other commodities ? — ^A. I am not certain that it has not, 

and if I estimate it now by the results to be gained by the employment 

of labor in England, the United States and on the continent, I am inclined- 

to think that labor has got its fair share because I know of no staple "" 

commodity which we can produce in the United States at a profit, and I !, 

am assured by those connected with the iron trades here that it is the , ; 

■III 
case here also, and on the continent I find the same. Hence all this 

immense development of manufactures is, to-day, without advantage ^ 

either to the proprietor or (if the workman is to be measured by his con- " 

tentment) to the workman, though perhaps the world has gained by the f 

cheap rate at which they get the commodities. * 

Q. The workman, in entertaining the impression that all other descrip- **' 
tions of value having risen, his labor is not sufficiently remunerated, may 
be right or wrong, but hence arises the organization of trades unions for ^ 
the purpose of accomplishing what cannot be accomplished by a natural '^ 
process? — A. I think that that has very much to do with the wonderful *" 
extension of trades unions. ** 

Q. And the movetiients of large bodies of working men are not generally ^ 
governed, I presume, by that philosophical reflection that the movements "^ 
of the higher classes are governed by ? — A. I would not like to state that 
proposition, but I would put it in this shape, that the more enlightened ^ 
and experienced i)eople are, the wiser their movements are likely to be. ^ 
It may be that the workmen are wiser than their employers. I should ' ' 
like, in answer to that question, to read one resolution which was adopted " 
at Albany as showing the feeling among the working men: "Mr, '^ 
CDonohoe read some resolutions setting forth that the interests of capital 
and labor are antagonistic, and that therefore it is highly advantageous '" 
to workmen to become employers. It therefore calls attention to co- ^ 
operation as the true mode of settling disputes between the two classes, ^ 
and urges mechanics to form co-operative shops. Mr. O'Donohoe said 
that he had tried co-operation for some time, and he was well satisfied ly 
with it. His shop embraced about 40 men in the moulders' trade, and ,^ 
he thought that all troubles had been finally adjusted. The resolutions ^ 
were adopted." There is a resolution setting out broadly that "the i. 
interests of capital and labor are antagonistic." Xow, in answer to the ,^ 
question whether intelligence is likely to come to more sound conclusiom' ^^ 
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an ignorance, I answer yes ; and I give this as evidence of it. Here 
a resolution of tlie working men, setting out that " the interests of 

ipital a;iid labor are antagonistic.'' 
Q. ^ resolution cutting at the root of all society, in fact ? — A. Yes. 

By Mr. Mebivale : 

Q. Your opinion is that the fall in the value of gold has affected the 
»rice of ^wages generally ? — ^A. I think it has. 

Q. Is anybody ever paid in gold in America ? — A. At present not, but 
bnnerly ttiey were paid regularly in gold. Since the war, that is to say 
since 1862, no one has been paid in gold. 

Q. I>o you suppose that the fall in the value of gold affects a currency 
of paper I — A. For example, a dollar in gold to-day wiU purchase one 
doUar and forty cents in currency in the United States. K gold should 
fell in value to-morrow, less than a dollar and forty cents in currency 
would T>uy a dollar of gold. 

Q. l^o doubt that is so ; but do you think you can generally answer 
tiiat a currency in paper is depreciated by reason of a depreciation of 
gold t — ^A. I think that if gold depreciates, paper will appreciate with the 
fell in gold. 

Q. You say that in your opinion a movement for eight hours as a day's 
labor means ultimately eight hours' labor at the same wages which ten 
hours' labor now getsi — ^A. I have no doubt that is the aim of the men, 
and that they think they can succeed. 

Q. Do you think it probable, supposing they should succeed in reduc- 
ing the hours of labor to eight, that men would become able to do in 
eight hours what they now take ten hours to do ? — ^A. I think not. There 
are some branches of business in which they could, but if you take the 
iron business for example it cannot be done, because there is a question 
of revolutions of trains, and of course the yield is proportioned to the 
'^'l mmiber of hours that the trains are kept in motion. 
^j Q. But in cases where the gain depended on the energy of the men 
^*^'| alone, do you think that if you reduced the hours of labor to eight they 
1 vould be able to do as much in eight as they now do in ten hours f — ^A. I 
^*^1 think there are cases in which eight hours' labor would be as good as ten, 
* jltat if you or I had a piece of hard intellectual work to do, which was 
'^^ I going to take us a month to accomplish, I think that we should be likely 
*^*^|lo accomplish it as well with eight hours' work a day as with ten. I 
' ^^'' think that that is the experience of all men who have that kind of work 
^^/todo. 

■ J By Mr. Mathews : 

A Q. In all manual labor, or where strength and skill are required, would 
.ij it be possible to do as much in eight hours as in ten? — A. I think not. 
Q. As a law, therefore, a reduction by one-fifth of the hours of labor 

would involve a reduction by one-fiffch of the production? — A. As a law, 

I think that it might be stated in that way. 
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By Mr. Booth: M 

Q. The energy that is brought to bear upon piece-work would be ear 
important element, would it not? — ^A. Yes; in piece-work, in many casel^" 
the men would do as much in eight hours as they ordinarily do in UOk^ 
without piece-work. But, again, that would not apply to many brancherf" 
of the iron business, because there is a positive question of time aad** 
nothing else, as, for instance, where a man has to watch a machine going;" 

Q. As a general rule, more would be done in ten hours than in ei^Wr 
hours? — A. As a general rule more w:ould be done in ten hours than iU^ 
eight hours, but I think that the general result of piece-work is to increacwfi'' 
the quantity done in a given time. '^ 

By Mr. Harbison: * 

Q. Going back to a former subject from which we have wandered, yoilJ 
say that you seem to see in England something like a species of rebellioiiy|j 
of which unions and unionism appear to be one example? — ^A. Certain^ 

Q. You say, "This appears to be the point at which you have arriv4 * 
in England, and against which there is an instinctive rebellion, b< 
among the enlightened and ignorant, manifesting itself among the lal 
in organizations at war with the fundamental principles of social ordei^C" 
under which "organizations" you include unions? — A. Yes. ;. 

Q. You have explained, therefore, the form which this rebellion take#' 
among the " ignorant f I want to ask you if you will do the same thing (Hl^ J 
the other side, and specify what indicates the rebellion amongst tluAgi 
"enlightened;'' what did you mean by that? — A. I mean by that that alfkis 
men of enlightened views are very busily engaged in considering the re]|dl« 
tions of capital and labor, and are trying to find out a remedy for whaik 
they consider to be the wrongs of labor, if you like to put it so. Thatii^r 
to say, an intelligent man goes into an iron works and sees a class of laboitt 
employed there which does not strike him as proper, for instance women - 
and children, and he says, "We must change all this. Is there not some 
mode by which we can improve the condition of things and improve th^ 
condition of the laborer ? Here we have prices so low that neither capitaL 
nor labor can benefit by it; is there any arrangement by which we caoi 
bring things back to a better system ?" It is for such reasons that they 
rebel against the system. 

Q. You mean intelligent social reformers? — ^A. Certainly, that claas 
of people, and I include statesmen. 

Q. When you speak of "the fundamental principles of social order,'' ^ 
do you mean the present social order amougst^us, or do you mean the ^ 
right, normal, and healthy social order? — A. Of course I mean what I "^ 
hold to be the right and healthy social order. The fundamental princi- ' 
pies of social order I understand to be the security of capital, the security 
of person, and the right of free discussion. Those seem to me to be the ,' 
fundamental principles of social order — ^that is the way in which we ^ 

usually define it — and I say that those principles are violated by some of ' 
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these organizfttious. In tlie firnt i>lH»-e, rajiital is (ie«ti-<iyed ; personal , 
freHlotii is also (Ie«to>,'iied, ttecautte the trades unions will not permit Ih« "I 
mentodo what they would do of their own free option. Personal freedom ' 
in attacked, and capital is attacked, and that, 1 say, is being at war with 
the fimdaiuental principles of social order. 

Q. Wlieu you speak of a, rebellion on the part of the enlightened, yoa 
think that that Ls an attempt to iiitrodiicf changes which would not be 
MilagoTii.stir to those piim-ijilcs iif Miiiial inclerf — A. On the contraiy, I 
lliink that the eiilif,'hteiii-d iifuplc \v;iiit t<i make tlie changes conform to 
tLe principles of nix'iiil order, and 1 think thai the other people are attempt- 
in;,' ti) d{i the same thing, Ijut hy mistjikeu meims, not using wrong means 
by intention or design. I wish to eorreet another misstatement in my 
Wstimoiiy. I stated that the moulders' iuss(K'iation at Troy was not 
legarde*! as a i»eeuniary success. Sinise I made that statement I have 
tereived the report, of the Moulders' Union, in which they claim that it is 
asnccesB, and say that they have been a,hle to increase their capital and 
py as large wages as are paid in private estabhelimeuts, and that tliey 
mcceeded in establishing tJie works without the aid of outside eapital. I 
ttated formerly, from information which I had, that tlie cai)ital was fur- 
Bished by benevolent geutlemen, but in the report which I Iia\e iu my 
Laud they state that they have had uo help of that kuul. 
By Mr. Mathews : 
Does the report say that they pay any dividend upon that capital ? — 
Tea; it says that they do pay a dividend, and that they pay the same 
of wages as private estabUshuients, and that the concern is i-egaixied 



Q, What dividend do they pay ! — A. They conuueueed with a capital 

of 4:iO,IH)0, aud it is now increased to $50,000, after thi-ee years' opemtion. 

Q. They have accumulated, thei-efon; i — A. Tes, they have aecumulatcd. 

By the Chajbmar : 
Q. In regajrd to the eight hoiirs' labor law, there are two liours thrown 
i^Hm the hands of the working nnui if he wajs previously working ten 
iKMusf — A. Tes. 

Q. Have you a distinct idea of what you call amusements? because he 
is to employ those two hours in amusements, I understand? — A, Tlie 
(h(MHy is that he is to employ that time in recreation and improvement. 
Q. If you have ever been acquainted, as I am sure you have, with men 
in the time when their faculties, bodily and mental, are in their highest 
eiiergy, can you conceive a greater burden to such men than to order 
tliem t*i desist from pursiuug an important purpose! — A. 1 think that it 
Would be an act of tyranny. 

Q. Aud is there auy way of pmsuing sin unjioi-tant puri)ose in any rank 

uf life except by work? — A. I thuik that a man who feels that he has a 

great object to attain never measures his effort by time at all; it is a mere 

question of physical ability with him how long he can work in order to 
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accomplish the end at which he aims, and I think that this attempt to 
bring down the hours of labor to eight by an arbitrary enactment is at 
war with the iiindamental principles not only of social order but of human 
nature. 

Q. Slack men may like to stand in the sun, but the energetic men 
would feel themselves afflicted by a sore grievance if they were not per- 
mitted to pursue an important purpose at their own option f — ^A. Yes. 

By Mr. Mebiyale : 

Q. Do you think that in all public offices they ought to work ten hours 
instead of eight ? — A. I am unable to speak of what should be done in 
public offices. 

By Mr. Harbison : 

Q. Do you think that a twelve or a fourteen hours' system would be a 
movement for the better ? — A. I^o, I do not ; I do not know whether 
eight hours, or ten hours, or twelve hours is the better average condition 
for the laborer, but my objection is to the system which compels people 
who are willing to work more than eight hours, and who feel that they 
could work more than eight hours, to restrict themselves to eight hours ; 
and that is the tyranny which the trades unions would inflict upon labor 
generally. 

By Mr. Booth : 

Q. Your objection is to any compulsory system ? — A. My objection is 
to any compulsory system. I wish to leave it free between the workman 
and the employer. 

By Mr. Harrison : 

Q. Your opinion has not been given at all on the relative advantages 
of an eight-hour system or a ten-hour system, provided it is left per- 
fectly free ! — A. '^o ; I have given no opinion upon the question which 
is the best for the normal state of society. 

By Mr. Mathews : • 

Q. Is not the rational state of society this — ^that every man should be 
leffc free to work as many or as few hours as his physical strength enables 
him?— A. Yes. 

Q. And any restriction upon that by co-operative societies, or any 
restriction which compels him to deviate from his natural practice, is an 
injury to society ? — A. Yes ; I think that the restriction should only come 
in among people who are not able to take care of themselves — women 
and children, and idiots. 1 mention women as the more helpless mem- 
bers of society as contrasted with men ; I think women and children, 
and those persons whose intellects have been disturbed, are compara- 
tively helpless, and that the law, therefore, must make provision for them. 

Q. In regard to the eight-hour system, what would be hard labor for 
one person with a feeble constitution and feeble powers would be idleness 
for another man ? — ^A. Yes. 
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Q. And I thiiik there is an old hymn, familiar in this country, which 
says "Satan finds some mischief still for idle hands to do!'' — ^A. Yes 5 
we have the same in our country. 

By Mr. Harbison : 

Q. Wliat form does the legal compulsion take in the eight-hour law f 
—A. The legal compulsion would be that on public works, all employ- 
ment by the state, eight hours would be a day's work, and nobody could 
¥ork for ten hours ; at the end of eight hours the bell rings and the 
men quit work. 

Q. It would be illegal to work longer If — ^A. Yes; no public officer would 
be allowed to make the men work for over eight hours, unless at a rate 
of wages specially agreed upon. 

Q. You say that each man should be left free to work as many hours 
as he tliought convenient. In great works, such as iron-works, factories, 
aud so on, it is impossible for men to work different hours, is it not! — ^A. 
Yes. 

Q. How do you propose to meet that case! — ^A. The thing has regu- 
lated itself in this way: experience has shown about how many hours per 
day men can work and maintain themselves in good bodily condition, 
and by long experience the thing has adjusted itself to that condition, 
and only the men who can work the number of hours which is found to 
agree perfectly with the bodily condition of the men come there and work 5 
the others quit it. 

By Mr. Mathews: 

Q. In fact, you want men of a higher physical condition to work in iron 
works! — ^A. Yes; and the number of hours, from the nature of the case, 
i& adapted to the abilities of the men to labor. 

By Mr. Harbison: 

Q. You say that the proper amount of work is the maximum which 
can be worked by strong, able men without injury to their physical con- 
dition? — ^A. Certainly. 

Q. Do you intend to exclude from the consideration their intellectual 
condition or their education! — ^A. Yes, I have excluded that in giving 
you the estimate which I have given, because in the iron works that 
really does not enter into the question. 

Q. Supposing the case of a thousand men who have been in the habit 
of working 10 hours without injury to their physical condition, but just 
up to that limit, and who then say, "It is true that it does not injure our 
physical condition to work 10 hours, but we think that if we work eight 
hours we shall improve our intellectual condition;'' does that seem to you 
a reasonable basis for them to agree upon in order to fix the hours which 
the people work! — ^A. I should think it is perfectly competent for the 
working men to take that question into consideration in making their 
arrangements with their employers. On the other hand, the employers 
may say, '^But after working 10 hours you have still sufficient time for 
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the improvement of your intellect and for recreation f and that is a ques- 
tion of fact. 

Q. If the workmen say they have not sufficient time, what then! — ^A. 
If the workmen say they have not then the thing must be adjusted 
between the two classes 1 It is like a thousand other questions in society, 
and they must come to an understanding about it. 

Q. There are other elements to be taken into consideration in fixing 
what should be the hours of work in a large factory, or work, besides the 
single one you have just mentioned? — ^A. There are a great many ques- 
tions to be taken into consideration. The conditions of business, for 
example, com^iel us sometimes to cut down the hours of business; some- 
times we can only work half-time. 

Q. I am speaking of the normal condition, when things are in fdUfi 
work? — ^A. I think that society always has, in any particular region, then 
best arrangement of capital and labor that is possible with the knowledge j 
and the means at command of the people who are there. I think that in - 
each place they always arrive at the adjustment which is the best prac- 
tical adjustment consistent with the amount of knowledge and the amount 
of resources at command. I find that in one place the adjustment is 
much more favorable to working men than in another place, and in the * 
same place it is more favorable at one time than at another time. In the j 
United States at present it is an adjustment more favorable to the work- 
men than it is in England; in England it is more favorable than in 
France ; in France it is more favorable than in Belgium. That is a ques-^ 
tion of national conscience and of the knowledge and the means at com-_ 
mand. 

Q. In i>oint of fact the hours of labor are, in the nature of things, ' 
variable, and will alter with the progressive civilizations of the com-" 
munity? — A. Beyond doubt, and it would not astonish me to see eight' 
hours as generally recognized as a day's labor as ten hours is now. 

By Mr. Mathews : 

Q. Is it not a fact that when men are getting full wages they dictate 
their own terms to their masters as to the length of time they will work^ 
For instance, to take the case of iron works, if the master requires the 
men to work full time they say, "We will not work full time ; we finci 
that we can do as well for ourselves in working five days a week as six?^ 
— A. That is my own experience, and that is the experience I think ofg 
all iron-masters ; but with greater encouragement given to the workmen^^ 
and with a different arrangement for payment, I think that might be^- 
changed. I think that men are just as anxious to earn good wages and^ 
to acquire property when they are sufficiently educated as the owners^^ 
are. .^ 

Q. Do not you think that that is better left to the ordinary operation^ 
of the relations between employers and employed than to any fixed' 
arrangement that can be adopted? — A. I think that, as a general prin-^ 
ciple, it in better to leave these questions to the people who have to deal,| 
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with tliem practically, but I am not prepared to say that there may not 
be grievances so great and persisted in so long, (from habit, perhaps,) 
that it may be that the legislature should step in and interfere. I think 
that great wrongs are permitted to go on for some time if left to the 
voluntary action of the people who have personally to deal with them, 
and in such cases the legislature should interfere. But 1 think that if 
the legislature interferes it should be done with great deliberation and 
after careful examination. 

Q. Only with reference to the interests both of the employer and of 
the employed? — ^A. I think that the interests of the community are 
superior to the interest of any particular employer or employ^, and if 
the legislature find that there is a grievance which employers and 
/employes will not correct, it is the bounden duty of the legislature to 
correct it. 

By Mr. HuaHES : 

Q. "WTien you speak of different arrangements between employers and 
employed, do you think that if the employed were paid by a share in 
the profits this state of things would pass away If — A. I think that it 
could be very much ameliorated. In very many branches of business it 
might be entirely remedied, but there are some branches of business in 
which I have not seen my way clearly to such an adjustment. 

Q. As far as you know, is such a plan applicable to iron works ? — A. 
I think it is. 
. Q. And coal works If — ^A. I think it is perfectly applicable to coal works f 

Q. I think there has been even in Pennsylvania some attempt of that 
nature ! — ^A. I have never known any attempt of the kind in Pennsyl- 
vania. I have never known any attempt of the kind either in an iron 

works in America or in a coal works. 

t 

By Mr. Mathews : 

Q. Have you ever known a case of successful co-operation ? — ^A. If I 
am to believe the statements which are published in regard to the opera- 
'Jtions of Schultze-Delitzsch, I must say that there are many such in 
^'Germany. 

Jl By Mr. Hughes : 

A Q. Did you ever hear of Briggs & Co., in England? — ^A. Briggs & Co. 
i/jlknow nothing about. I wish to say that since I testified on the last 
ci| occasion I have received advices from home of the organization of a 
W Very large number of these co-operative associations. It seems to be the 
ijease that one of those epidemics which occasionally break out in society 
I has broken out on our side. They are of both kinds, both an association 
of the capitalist owner with the workmen and an association of work- 
men by themselves, and both will be tested I think on a very extensive 
scale in away that will conform more nearly to English notions than 
continental experiments can. Continental notions are so different from 
yours that no experiment there I think could be taken as conclusive with 
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regard to English industry, but the experiments in the United States I 
think will be more satisfactory to your view. I anticipate failure in many 
instances and success in others. Where there is talent, honesty, and 
care, there will be success ; where there is dishonesty, and idleness, and 
neglect, there will be a failure. 

By Mr. Booth : 

Q. Is the present state of the law in different States such as to permit 
of the experiment being fairly tried, or would it be necessary that the 
law should be amended ? — A. It will be necessary to amend the law in 
order to try it upon the system which I think most favorable, but the 
law is sufficiently broad to permit the arrangements to be carried out 
which they are now trying, and which I think are not the best, though 
I think they have got the elements of success. 

By Mr. HuaHES : 

Q. But I think you will find that in some places the law gives perfect 
facilities at present, for instance, at Chicago. Within the last six weeks 
I have had three applications from masters in America, who are thinking 
of adopting the method, for copies of the rules in use here, and for state- 
ments as to what has been done here ; and in one instance, certainly the 
application from Chicago, the letter said that there would be no difficulty 
whatever as far as the law went. Of course that might be a statement 
made off-hand f — A. The law in Illinois will permit the organization of 
joint stock co-operation, and the owners may make such contracts between 
themselves as they may see fit, and the Northwestern Manufacturing 
Company of Chicago, as a matter of fact, has been organized upon that 
basis. It is not organized, however, upon the basis which I consider 
most favorable to success. 

Q. You surely consider that the most favorable system would be that 
in which the employers and employed both hold capital stock ? — A. Yes, 
I do, and yet I do not think that this one at Chicago is organized upon 
the basis most favorable to success, and for this reason : the stipulation 
is that the capital, which is estimated at $300,000, and which is a good 
deal more than the actual capital that they have, is, under all circum- 
stances, pledged to receive ten per cent. 

Q. Ten per cent, may be too high a figure, but you would surely say 
that some fixed interest must be paid upon capital j)aH passu with wages! 
— A. Supposing that there is not enough to pay both the men their 
wages and the capitalist his interest upon the capital, who is to get the 
money ? Society has decided long ago that the workmen shall have it, 
and I suspect, as the stomach is the foundation of all business, that that 
decision is a wise one, and therefore any decision which asserts that there 
shall be a prior right for capital to take ten per cent, will fail. It wiD 
fail inevitably, because there must be cases in which the profits will not 
yield that return to capital as well as paying the wages of the men. 
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By Mr? Mathews : 

Q, It will fail, in fact, because there is no provision for recouping the 
master when such circumstances arise f — ^A. Yes. 

By Mr. Hughes : 

Q. On the average of years, surely businesses of that kind do not lose ; 
they make profits on the average of years, or else nobody would carry 
them on ? — I can only say that I know of many businesses in the United 
States which have not made money on the average of years, but on the 
contrary have lost money. The iron business has certainly been the 
source of immense losses. I have testified here before of the number of 
iron works that have been sold out, and I doubt whether we could point 
to ten families in the United States which have been successful in the 
iron business. I only refer to that as showing the necessity for an 
arrangement which conforms to experience in regard to business. The 
workmen have to be fed. The workmen do not know the fact that the 
business is carried on in order to satisfy that prior lien of theirs upon 
the property, and they are making war in the United States and here 
and in France upon the business on which they have a prior lien. The 
lien may not be large enough in certain cases, but the broad fact that 
the workman has the prior lien upon every business in every branch of 
labor is an unmistakable one. 

By Mr. Mathews : 

Q. The difficulty will be to satisfy that prior lien. If the result of the 
co-operative society did not satisfy that lien sufficiently, and if it did not 
satisfy the percentage on capital besides, it must fail of itself? — ^A. Yes. 

Q; If the workmen only receive bare subsistence wages until the result 
of the undertaking is known and the profits are realized, do you think 
there would be a difficulty in their making a fund out of subsistence 
wages, and out of any profits that they might be entitled to, which would 
enable them to provide against such a contingency as an unsuccessful 
year? — A. Yes, I should have supposed so but for the fact of the extent 
to which the principle of Schultze-Delitzsch has been adopted in Ger- 
^1 many. That is really a most marvellous thing. Those people actually 
abated 20 and in some cases 40 per cent, to get such a fund, and I am 
satisfied that with the temper of our people in the United States I could 
go to my leading workmen and say, "We shall go on paying you your 
present rate of wages, but I ask you to leave behind so much as will form 
a fond for that purpose," and they would willingly consent to do so. 

By Mr. Hughes: 

Q. Did you ever hear of such things as bare subsistence wages in the 
United States? — ^A. I have heard of it, because we have had such thmgs 
as labor going down to a very low point. 

Q. I remember, in 1848 and 1849, when many of the associations in 
Paris were going on for months, the men drawing only 10 francs a week 
on account of their wages. You never heard of such wages as those in 
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America! — A. I can remember when wages have been dowt in America, 
in times of depression, to as low as 50 cents per day, which would be 
about 28. per day in English money; that is as low as I have ever known 
anything got in America, and that was very exceptional indeed. There 
is one other thing which I wish to correct. I saw some comments in the 
London Times which seemed to look to testimony on my part that certain 
puddlers had murdered other puddlers coming to Pittsburg. Now I was 
very carefiil to state that I spoke of the murders only as evidence of the 
demoralization of a community where a strike had been going on for 
months, that I was merely informed that these mui'ders had taken place, 
and that I did not know by whom, so that any inference from my testi- 
mony that one set of workmen had murdered another set was quite 
unfounded. ' 

By Mr. Harbison : 

Q. That was clearly so put in your evidence, was it not? — A. I think it 
was. 

By the Earl of Lichfield : 

Q. You said with regard to the emplojTiient of children in iron works 
in America that they were not employed before the age of 13 and 14. — 
Does that apply to other trades in America ? — A. As a general rule it is 
a rare thing to see a young child not 13 or 14 in any physical employ- 
ment, very rare indeed. 

Q. Are those children up to the age of 13 or 14 generally at school f 
A. Yes. 

Q. And have you any provision, generally speaking, in the iron works 
and in other trades for the education of those children, continuing after 
the age when you say they begin to be employed in the iron works'? — 
A. No, there is no provision, except that in the large cities there are 
night-schools, and in New York, as I testified, the Cooper Institute affords 
the very largest possible instruction to mechanics. That is a private 
endowment. 

By Mr. Mathews : 

Q. I think you gave us some particulars of the Cooper Institute f — A. I 
did mention some particulars in reference to that. I wish to correct my 
testimony on another point. A Welsh ironmaster tells me that I am 
mistaken in my testimony as to women lifting those heavy bars of iron 
of which I spoke, two inches thick, five feet long, eight inches wide. I 
say that I actually saw one of those lifted, but this gentleman informs 
me that these heavy bars are lifted by men who are sent to do this heavy 
work. I merely saw the women making the piles, and I inferred that 
they put the tops and bottoms on because they were the only persons 
there, but I am informed that it is not so. 

Q. So that the emi)loyment of women in iron works is not so heavy as 
you thought it was I — ^A. I still repeat my testimony that it is a great 
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deal heavier work than I have ever seen women do before ; but I correct 
that particular statement as to the bars. 

By Sir D. GooCH : 

Q. Is there any compulsion in America in regard to education If — A. Ko 
compulsion in any place, except perhaps recently in Massachusetts. I 
have heard recently that a law for compulsory education has been passed 
there, but I am not sure of it ; but in the other States there is no com- 
puMon. 

By Mr. Booth : 

Q. Have you read the statement of the " Times'' correspondent to that 
effect, that there is compulsory education? — A. I have not read the 
statement, but I know that there is no compulsory education in Kew 
York or New Jersey. It is just possible that there is in Massachusetts; 

By the Earl of Lichfield : 

Q. But education is provided out of the rates f — ^A. Education is paid 
for by the public and assessed for by rates on the district, and most of 
the States have school funds out of which they make a distribution annu- 
ally to each district. 

Q. And the children up to the age of 13 or 14 avail themselves very 
generally of that opportunity of education ? — ^A. Very generally. 

Q. I think you say that a great number of young persons after the age 
of 13 and 14 avail themselves of night-schools ? — ^A. In the cities. 

Q. And do not you attribute that very much to the fact of their having 
been able to obtain tolerable education before beginning their employ- 
ment? — A. Ko; I am sorry to state that the opposite is the case; that 
the ones that go to the night-schools are usually those that have had no 
opportunity of education in the day-schools. Those who go to the night- 
schools are, in New York, mostly foreigners who want to learn the lan- 
guage, or mechanics who have not received the ordinary elements of 
education. But in the case of the Cooper Institute, those who attend the 
classes are persons who have received some education before. 

Q. Is that an industrial education ? Are men instructed in their trades ? 
—A. ISo'y they are instructed in that kind of knowledge which is neces- 
sary for them to conduct their trades intelligently; for instance, the 
machinist is taught drawing, and we teach chemistry and natural phil- 
osophy there. The learning there is all book learning, but it is with ref- 
erence to the business which the pupil is engaged in. 

Q. Is not that statement of yours somewhat remarkable, that those 
who have had the advantage of an education up to 13 or 14 are not 
desirous of continuing their education afterwards? — A. No, it is not 
remarkable, for the reason that these night-schools do not teach anything 
more than what they have already learned in the day-schools. But in 
New York last winter a higher grade of school was opened, the first one 
which had ever been opened there, and it was filled to repletion by those 
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who had been to the day-schools and had learned a certain amount and 
wished to continue their education. 

Q. You have no night-schools where they have an opportunity of con- 
tinuing their education from the point at which they have arrived at the 
age of 13 or 14? — A. Except the Cooper Institute we had none until the 
one that I have just referred to was opened. 

Q. Do you not think that if they had the opportunity of continuing 
their education from the point arrived, at, at the age of 13 or 14, they 
would avail themselves of it? — A. Experience makes me certain of that, 
because everything of that sort that exists has been used to the fullest 
possible degree. 

Q. Do you And a very marked difference in the intelligence of those 
who come from this country and Germany and Ireland and other places, 
when they come to be employed in your works, as compared with those 
who were educated in your own country! — A. I think that that question 
would have to be answered with reference to specific occupations. I 
think that the experience will be different in different operations. In 
iron works, certainly, we find that the Englishmen are the best workmen, 
better than those whom we train up; that is to say, as a general proposi- 
tion, I think the English workmen are better than those we train up in 
the iron works. And yet there are some branches of our business in 
which our own people are better; it is a question very much of adapt- 
ability to particular kinds of employment. I think that in guide-rolling 
our Americans are more active and better rollers than the English, but 
when it comes to puddling the heavy bars the English are better work- 
men. 

By Mr. Mathews : 

Q. Where you want physical force combined with skill? — A. Where 
we want physical force combined with skill we get Englishmen. 

Q. We can infer from that that they are stronger men that we rear up 
here than you do in America? — I think they are. 

By Mr. HuaHES : 

Q. I think your strongest men go west! — A. I think everybody must 

remark the superior physical development of the Englishmen over the r 

Americans; that you here are a better physically-developed race than we . 

are. 

-on 
Q. Has that held within the last few years, do you think f-^ A. It has „ 

always appeared to me so. I was struck with it 20 years ago, and I am ." 

struck with it now. I consider the English race, as I see it, the best ^^ 

physical race in the world. 

By Mr. Harbison : ^' \ L 

Q. In spite of unionism'? — A. In spite of unionism; in fact, I do not j?':. 

think that unionism would be possible anywhere else than in England -u 

and America, and so far it is a healthy sign. < ; 

The witness withdrew. ]% 
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APPENDIX 1. 

POOR RATES AND PAUPERISM. 

Eetum (in part) to an order of the honorable the House of Commons, 
dated 9th July, 1867, for return of " Comparative statement of the number 
of paupers of all classes (except lunatic paupers in asylums and vagrants) 
in receipt of relief on the last day of each week in the months of April, 
May, June, July, August, September, October, November, and Decem- 
ber, 1866 ahd 1867, respectively ; also for the months of January, Feb- 
ruary, and March, 1867 and 1868, respectively;" "statement of the 
number of paupers, distinguishing the number of adult able-bodied pau- 
pers relieved on the 1st day of July, 1867;" "similar statement for the 
Ist day of January, 1868 f " statement of the amount expended for in- 
maintenance and out-relief only, for the half year ended at Michaelmas, 
1867 ;" " similar statement for the half year ended at Lady day, 1868 f 
" statement of the amount of poor-rates levied and expended during the 
year ended at Lady day, 1867 f "and of the number of insane paupers 
chargeable to the poor-rates on the 1st day of January, 1868." 

FEEDEEICK PUEDY, 
Principal of the Statistical Department. 
Poor-law Board, 

Whitehall^ July 9, 1867. 



L^ 



l^^ 



QUARTERLY STATEMENT AS TO PAUPERISM, MICHAELMAS, 1867. 

(Paupers in lunatic asylums and vagrants not included.) 

The present return completes the monthly series for the quarter ended 
at Michaelmas, 1867. The four following tables are given in continu- 
ation of those prefixed to the monthly publication for June last. 

The tables are — 

1. England and Wales ; the pauperism in the consecutive weeks of the 
quarter. 

2. (England and Wales ;) the comparative pauperism of the quarter. 

3. I^orth Midland, Northwestern, and York divisions ; the compara- 
tive pauperism of the quarter. 

4. The Metropolis ; the comparative pauperism of the quarter. 

I. In the first table each week is compared with the one immediately 
preceding it ; 884,829 were the numbers relieved in the last week of 
June, (midsummel*;) but in the fourth week of September (Michaelmas) 
the numbers were 872,620, which is a decrease of 12,209, or 1.4 per 
^ut. less at Michaelmas than midsummer. 
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Table I. — JSngland and Wales — Consecutive statement. 



Periods. 



1867. 
June: 

Fourth week 

July: 

Fint week 

Second week 

Third week 

Fourth week 

Fifth week 

Angnst : 

First week 

Second week 

Thirdweek 

Fourth week , 

September : 

First week , 

Second week 

Thirdweek 

Fourth week ,.. 



O 


08 
O, 

O 

S 

a 



O 9 



Difference between 
th« proximate weeks. 



884,829 

878,879 
876,670 
877,531 
876,998 
877,020 

875,767 
874, 211 
870,978 
871,572 

868,415 
869,067 
869,992 
872,620 



Increase. 


Decrease. 








5,950 
2,209 




861 




533 


32 






1,253 




1,556 




3,233 


594 




3,157 


652 


925 




2,628 





n. The next table exhibits the comparative pauperism during the 
Michaelmas quarter of 1865, 1866, and 1867. 

The paupers in receipt of relief on the last day of the last week of 
September were — 

In 1865. 835,005 

In 1866 842, 860 

In 1867 872, 620 

The paupers in 1867, as compared with those in 1866, have increased 
29,760, or 3.5 per cent.; but compared with 1865 the increase was 
37,615, or 4.5 per cent. 
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Table 11.— England and Wales — Comparative statement 



Periods. 



Jnne: 
Fourth wpek 

July: 
First week . . 
Second week 
Third week.. 
Fourth week 
Fifth week . . 

August : 
First week . . 
Second week 
Third week . 
Fourth week 

September : 
First week . . 
Second week 
Third week . 
Fourth week 



Paupers in receipt of relief on 
the last day of each week. 



1865. 


1866. 


(a) 


(b) 


853,073 


841,489 


846, 082 


835,507 


842, 469 


833,977 


841, 567 


833,738 


840, 131 


833,874 


837, 991 


836,486 


836, 580 


839, 493 


834,758 


840, 146 


833,758 


839,278 


833, 042 


340, 388 


832,293 


840,894 


832, 443 


840,931 


8:J2, 705 


843, 452 


835, 005 


842,860 



1867. 



(c) 
884,829 

878,879 
876, 670 
877,531 
876,998 
877,020 

875,767 
874,211 
870, 978 
871, 572 

868, 415 
869,067 
869,992 
872,620 



Difference per cent in the numbers in 
column (c) compared with each of the 
two preceding years. 



Last year but one. 
(a) 



Increase. 



2,9 
4.1 
4.3 
4.4 
4.7 

4.7 
4.7 
4.5 
4.6 

4.3 
4.4 
4.5 
4.5 



Decrease. 



Last year. 
(b, 



Increase. 



5.2 
5.1 
5.3 
5.2 

4.8 

4.3 
4.1 
3.8 
3.7 

3.3 
3.3 
3.1 
3.5 



L/ecrease. 



m. The third table comprises the three divisions of England and 
Wales, in which the principal manufactures are carried on. Taking the 
returns of paupers relieved on the last day of the last week of September 
the numbers were — 

In 1865 206, 076 

In 1866 196, 747 

In 1867 202, 853 

The increase in 1867, compared with 1866, was 6,106, or 3.1 per cent., 
but in comparison with 1865 there was a decrease of 3,223, or 1.6 per 

cent. 
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Table in. — North Midland^ Northwesternj amd York divisions — Comparor 

tive statement. 



Periods. 



June: 
Fourth week 

July: 
First week .. 
Second week 
Third week . 
Fourth week 
Fifth week . . 

AugQSt : 
First week -. 
Second week 
Third week . 
Fourth week 

September : 
First week . . 
Second week 
Third week . 
Fourth week 



Paupers in receipt of relief on 
the last day of each week. 



1865. 


1866. 


(«) 


(b) 


217,276 


198,360 


213, 819 


197,207 


211, 013 


196, 246 


209,598 


195,887 


208,517 


195,841 


207,513 


195, 753 


207,346 


195, 872 


206,864 


195,733 


206,618 


195, 508 


206,369 


196,407 


205,954 


195, 989 


206,299 


196,053 


205,994 


196, 424 


206,076 


196, 747 



1867. 



(c) 
206,064 

204,569 
203,648 
203,855 
203,424 
203,427 



203,011 
202,701 
202, 195 
202,061 

201,956 
201,555 
202,498 
202,583 



Difference per cent in the numbers in 
column (c) compared with each of the 
two preceding years. 



Last year but one. 



Increage. 



Decrease. 



4.3 
3.5 
2.7 
2.4 
2.0 

2.1 
2.0 
2.1 
2.1 

1.9 
2.3 
1.7 
1.6 



Last year. 
(6) 



Increase. 



3.8 
3.8 
4.1 
3.9 
3.9 

3.6 
3.6 
3.4 
2.9 

3.0 
2.8 
3.1 
3.1 



Decrease. 



IV. According to the last returns for the month of September in the 
three years last past, the number in the metropolis was — 

In 1865 91, 022 

In 1866 105, 827 

In 1867 117, 849 

In 1867 the increase in the paupers as compared with those in 1866 
was 12,022, or 11.4 per cent.; and on a comparison with 1865, there was 
an increase of 26,827, or 29.5 per cent. 
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Table IV. — The metropolis — Comparative statennent. 



Paup4*r8 in receipt of relief on 
the laMt day of each week. 



Periods. 



Jane: 
Fourth w^eek 

July: 
First week . . 
Second week 
Third week.. 
Fourth week 
Fifth week ... 



August : 
First week . . . 
Second week 
Third week.., 
Fourth week 

September : 
First week ... 
Second week 
Third week. . 
Fourth week , 



1865. 


1866. 


(a) 


(ft) 


90,722 


tfO, «JUd 


90,004 


98,455 


89, 937 


98,778 


90,109 


99,400 


90,218 


100,488 


90,232 


102,960 


90,686 


105,197 


91,190 


106,100 


91,317 


106,499 


90,963 


106,623 


91,058 


106,664 


90,588 


105,624 


90,696 


106,012 


91,022 


105,827 



1867. 



(c) 
118,982 

117,738 
117.880 
118,206 
118,299 
118,046 

118,347 
117, 547 
117,653 
117, 523 

116,983 
116, 457 
116,417 
117, 849 



Difference per cent in the numbers in 
column (e) compared with each of the 
two preceding years. 



Last year but one. 
(a) 



InereoMe. 



30.8 
31.0 
31.2 
31.1 
30.8 

30.5 
2a9 
28.8 
29.2 

28.5 
28.6 
28.4 
29.5 



Decrease. 



Last year. 



Increase. 



19.6 
19.3 
18.9 
17.7 
14.7 

12.5 

las 

10.5 
10.2 

9.7 
10.3 

9.8 
11.4 



Decrease. 



Poor-law Board, Whitehall, November 14, 1867. 



FREDERICK PURDY, 
Principal of the StatisticeU D^artment, 



MEMORANDUM. 



As to the arrangement of the weekly returns of pauperism. 

The returns of the number of paupers relieved on the last day of each 
week do not include the "lunatic paupers in asylums and licensed 
houses,'' nor the number of vagrants relieved. These classes form only 
a small portion of the entire pauperism of the country. According to 
the latest returns, (January 1, 1866,) the number contained in the two 
classes was 3 per cent, of the total pauperism. 

The pauper lunatics in asylums are not generally subject to variations 
in number to the same degree as the other classes of paupers ; and the 
number of vagrants relieved by the unions throughout the country has 
become too small to need a return so frequently as once a week. These 
considerations Jed to the exclusion of the two classes. 

There are at present 14,886^ parishes, inclusive of the Scilly islands, 
in England and Wales, maintaining, or liable to maintain, their own 
poor; returns of pauperism are received weekly in respect of 14,695 of 
that number ; 191 parishes, incorporated under Gilbert's act, or still under 

'Many places, uot heretofore liable to maintain their own poor, are becoming parishes 
under the operation of the extra parochial places act ; to what extent this will ultimately 
increase the number of parishes in England and Wales cannot at present be stated. 
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the provisions of the 43d Elizabeth, made no return of the number of 
paupers which they relieve. 

The returns are arranged under eleven divisions. The union counties 
which fall under each are shown in the following view : 



J. The Metropolis. 

1. Middlesex, (part of.) 

2. Surrey, (part of.) 

3. Kent, (part of.) 

II, Southeastern. 

1. Middlesex, (part of.) 

2. Surrey, (part of.) 

3. Kent, (part of.) 
. 4. Sussex. 

5. Southampton. 

6. Berks. 

III. South Midland. 

7. Hertford. 

8. Buckingham. 

9. Oxford. 

10. Northampton. 

11. Huntingdon. 

12. Bedford. 

13. Cambridge. 



IV. Eastern. 

14. Essex. 

15. SuflEblk. 

16. Norfolk. 

V. Southwestern. 

17. Wilts. 

18. Dorset. 

19. Devon. 

20. Cornwall. 

21. Somerset. 

VI. West Midland. 

22. Gloucester. 

23. Hereford. 

24. Salop. 

25. Stafford. 

26. Worcester. 

27. Warwick. 

VII. J^orth Midland. 

28. Leicester. 

29. Eutland. 



30. Lincoln. 

31. Nottingham. 

32. Derby. 

VIII. Northwestern. 

33. Chester. 

34. Lancaster. 

IX. York. 

35. West Biding. 

36. East Biding. 

37. North Biding, 

X. Iforthern. 

38. Durham. 

39. Northumberland. 

40. Cumberland. 

41. Westmoreland. 

XL WeUh. 

42. Monmouth. 

43. South Wales. 

44. North Wales. 



The following is a tabular statement of the number of unions and 
parishes, and the area and population ascribable to each division ; but 
so far only as represented by the weekly returns : 



DiviHiODB. 



1. The Metropolis 

2. Soatheastem 

3. South Midland 

4. Eastern 

5. Southwefitem 

6. West Midland 

7. North Midland 

8. Northwestern 

9. York 

10. Northern 

11. Welsh 

England and Wales, (so far as retnmed) 



Number of 


Number of 


unions, &c. 


parishes. 


39 


190 


97 


1,426 


64 


1,447 


56 


1,644 


60 


1,792 


82 


1,667 


45 


1,750 


40 


923 


60 


1,464 


39 


1,173 


53 


1,219 


655 


14, 695 



Area in statute 
acres. 



77, 944 
3,922,839 
3,198,570 
3,209,894 
4,989,180 
3,851,187 
3, 533, 919 
1,914,616 
3,411,825 
3, 492, 322 
5,210,747 



36, 810, 543 



Population in 
1866. 



2, 802, 367 
1,805,534 
1,295,152 
1,142,230 
1,833,074 
2,434,614 
1,287,972 
2,923,487 
1,899,233 
1, 151, 332 
1, 311, 109 



19, 886, 104 
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The absolute as well aa tlie proportional numberB of the adult popn- 
latdon, under six industrial claBses, are shown in the subjoined table for 
each division : ■ 





Penon< aged £» jean and upwardf. 




0U«. 




1- 


s. 


3. 


*■ 


5- 


6. 








1 


1 


i 

1 

< 


:- 


11 


.... 


1. TheMetropolli.... 
3. SoDtfa Midland.... 


9S,Bi!5 
9n,0B8 
K,S7i 
Sl,a»5 
«,662 
35.203 


685,168 
«3,SS6 
W3,351 

384ifi5I 
4BT, iia 

M9, 109 
3»3,M6 

366,649 


133, Mfl 
37,607 
16,571 
19,S83 

3S,I«1 
3^853 
B4,MD 


S5,360 

197, aw 

169,930 
164.577 

Woei 

150,417 
184,838 
143,309 
BS,498 


584.7?: 
2KT,0« 
HH,169 

Ml. 133 
TiS,MS 
446,763 
207.794 
204,41! 


110, M4 
65.667 

761832 
»,984 
75,757 
48,451 
32,160 
46.467 


1,617.930 
l.Cffll.SS9 
695. 3M 

999.714 
1.317,903 

6M,03a 
i.oea.831 

1, 086, 535 


6, WMtMldlmd 












England and WsleB 


iis.eas 


4,101.<MS 


500, as3 


1,603,503 


3, 716, res 


607,7m 


10,983, we 





tlDnal namber of tacb elna. 




C...«. 




^- 


. 1 « 


•• 


^ 


•■ 






t 


i 


- 


1 


1 


II 


ToUl. 


1. ThBMalroiiollB... 

a. 8oQll.ta.tru 

3. SoDlh Midland 


5.7 
8.4 


40.6 
35.0 
38.8 
36.4 

35.0 

36.1 
3>.9 


3.7 
14 
3.9 
3.0 
3.3 

3.9 


il 

SS.6 
91. S 

S1.S 

13. a 


£8.3 
».l 
XS.3 
S8,5 
37,6 
34.6 

33.0 


5.9 

5,8 
5.8 
4.3 

11 


loan 
100.0 


6. -WmI Midland 

7 Norlb Midland 

B. SDrtliwMlem 


luao 














England and Wale 1 


... 


^.4 


... 


"■• 


34.1 


5.5 


100.0 
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The numbers in the last table represent complete divisicms ; as it was 
impossible, from the manner in which the census of occupations is com- 
piled, to make the same adjustment in respect of the unretumed parishes 
as that effected for the first table. F. P. 

Comparative statement of the number of pijLupers (except Iwnatic paupers in 
asylums^ and vagrants) in receipt of relief on ihe la^st day of the first week 
of September^ 1866 and 1867. 



Divisions. 



I. The Metropolis. 



n. Southeastern. 



IIL South Midland 



IV. Eastern 



Tear. 



y. Southwestern... 



VL West Midland. 



Vn. North Midland.... 

Vm. Northwestern 

IX. York 

X. Northern 

XI. Welsh 



England and Wales. 
tax as returned 



les, (so( 
.) \ 



1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
T867 
1866 
1867 
1866 
1867 

1866 
1867 



Number of paupers relieyed. 



In*door. 



29,758 

32,054 

14,099 

14,421 

7,511 

7,647 

7,827 

8,399 

10, 149 

10,831 

13,048 

14,132 

5,579 

5,802 

17,660 

19,172 

7,159 

7,755 

4,761 

5,062 

3,931 

4,414 



Out-door. 



121, 482 
129,689 



76,906 
84,929 
71,006 
71,428 
59,882 
61,060 
60,299 
60,121 
90,696 
91,967 
83,582 
83,675 
44,317 
44,588 
69,460 
71,465 
51,814 
53,174 
39.835 
42, 312 
71,615 
74,007 



719, 412 
738,726 



TotaL 



106,664 
116,963 
85,105 
85,849 
67,393 
68,707 
68,126 
68,520 
100,845 
102,798 
96,630 
97,807 
49,896 
50,390 
87,120 
90,637 
58,973 
60,929 
44,596 
47,374 
75,546 
78, 421 



\ 



840,894 
868, 415 



1 



Difference between 
the corresponding 
weeks. 



Increase. 



10,319 

744 

1,314 

394 

1.953 

1,177 

494 

3,517 

1,956 

2,778 

2,875 



27,521 



Decrease. 



Difference per cent 



Increase. 



9.7 

a9 

1.9 

a6 

1.9 
1.2 
1.0 
4.0 
3.3 
6.2 
3.8 



3.3 



Decrease. 
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Comparative statement of tke number of panipers (except limaUc paupers in 
asylum^j a/nd vagrants) in recent of relief on the U^ day of ihe second 
week of September^ 1866 a/nd 1867. 



DiyidonB. 


Year. 


• 

Number of psopen reUered. 


Difference between 
tbe oorre8i>onding 
weeks. 


Difference per cent. 




In<door. 


Out-4oor. 


Total 


Inenase. 


Decrease. 


Increase. 


Decrease, 


I. Tbe Metropolis 


1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 
1866 
1867 

1866 
1867 


39,877 

32,057 

13,886 

14,216 

7,566 

7,705 

7,954 

8,484 

10,284 

10,910 

13,127 

14,095 

5,619 

5,842 

17,883 

19,122 

7,178 

7,758 

4,787 

5,112 

3,915 

4,405 


75,747 
84,400 
70,854 
71,935 
59,960 
61,046 
60,302 
60,237 
91,048 
92,287 
83,697 
83,871 
44,116 
44,492 
69,445 
71,200 
51,812 
53,141 
40,053 
42,361 
71,731 
74, 401 


105,624) 
116, 457 ) 
84,740) 
86, 141 ) 
67,526) 
68,751) 
68,346^ 
66,721) 
101,332) 
103,197) 
96,824) 
97,966) 
49,735) 
50,334) 
87,328) 
90,332) 
58,990) 
60,899) 
44,840) 
47,473) 
75,646) 
78,806) 


10,833 
1,401 
1,325 

375 
1,865 
1,142 

509 
2,994 
1,909 
2,633 
3,160 


• 


10.3 
1.7 
1.8 
0.5 
1.8 
1.2 
1.2 

3.4 
3.2 
5.9 
4.2 




II. Southeastern 






ni. Sonih Midland.... 




IV. Eastern 










V. Southwestern 






VI. West Midland 






VII. North Midland 






VUI. Northwestern 






IX. York 






X Northern ......... 










XL Welsh 
















England and Wales, (bo( 
far as returned.) ( 


122,076 
129,706 


718,855 
739,361 


840,931) 
869,067) 


28,136 


« 


3.3 
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Comparatite statement of the number of paupejs {except limatie pat^ten i« 
asfflums,, and m<franf») in receipt of relief on tlw last day of the tkird week 
of /September, 1866 and 1867. 



nlll.iOBlL 


Ymt. 


«"-— »■■■■'■ 


xoekiL 


..™«P.™. 




In-door. 


OBl-!oor- 


™«L 


...™. 


D«r«K 


i™«,. 


D«»«. 




186T 

lew 

1866 
1867 
1866 

iBsr 

1S6T 
1867 
1B67 

1M6 


M,ins 
sa,3ia 
i3,9ai 

7,768 
8,031 
8,6113 
10,487 
10,961 
13,343 
14,135 
5,863 
5,S79 
18,026 
19, Ml 

7,741 
4,748 
B,0t6 
3.BS6 
4,413 


75.907 
70;953 

71, eK 

60,350 

SI, 545 
6D,S1« 
60,333 

9t,ssa 
B»,a4e 

83;5S0 
EQ.9ai 
44, on 
44.556 
69,427 
71.683 

sa;oso 

53,358 
39, SW 
40.348 
7S,1S4 
ABM 


hums; 

«8,B37( 

i»i,m 

».»«! 

M,T35( 
«,65S) 

<i,a.! 

7.. ,1.1 
7..M.S 


1,496 

700 
3,511 
1,863 

S,686 

a, 130 




o.a 

4.0 

3.1 










UL SonUiHWIiuid... 






















VI. W«lMUl«id 






VI!. North MMluia..., 


















































Eueluidanil Wi>l«i, (w>< 


183,007 
130,534 


7WI,445 
73B.458 




96,540 




" 
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Comparative atatenwnt of the number of paupers f except lunatic paupers in 
aaylums, and vagrants J in receipt of relief on the last day of the fourth 
week of September, 1866 and 1867. 



if pauper! rellovsd. 



I. The Hetropolli. . 



m. Sanlb UldlBU 



TL WoMMMUma.. 



H516 


73,385 




59,933 


7,652 


61,578 


aoBs 


m,MT 


S,71T 


60,515 


10. M9 


B1,H5 


11, OB* 


Bi!,«9 


13,!B3 


83,383 



TL,44T 
53.139 
53,870 
40, 131 
43,ISfi 
79,SS9 

vi.sn 



APPElfDIX K. 
EDUCATION. 

Betnrns for the years 1869-^ of— 

1. The Dumber of grants made in each yeax for hoilding, enlarging, or 
improving elementaiy day achoola in England and Wales, in Scotland, 
and in Great Britain, vitli the total amount of such grants. 

2. The nomber of schools in^iected, distangoidung BcbooU &om 
departments of BchoolB. 

3. The average number of acholarg att^iding the schools inspected 
and the number of schoUu^ present on the day of inspection, 

4. The number of certificated teachers acting in the Bchools inspected. 
(Presented to both houses of Parliament by command of her Majesty.) 
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ending autDB 














cember. 


Yeuneo 
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1I1,ST4 14 1 


6,01) 


a,l(i3|2,l)4B, 1,414 
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6,251 
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a, 090, I, M* 1.53 








790, (W 
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7,465 


1883. 


IK 


H4as 1 l: 


8,181 


2,430 9,190 1,51 


3,n. 




■£i 




Bll.BB- 


7,875 


1W«. 




25,329 IS 1 


6,4a 




4,IWI 






638,941 


055,171 


8,587 








6,815 


2,311 1,187, 1,005 


4,331 




Kt 


060,371 


1,043, 761 


8,439 
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£3,250 9 5 
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ma 


871,309 
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IBON AJTD STEEL. 
Betunu for the years 1859-'6t( — Oontmoed. 
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